Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



THE 



TRANSACTIONS 



OP THE 



INSTITUTION OF CIVIL ENGINEERS 



OF IRELAND. 



SESSIONS 1855-8 



Vol. V. 



EDITED BY 

ALEXANDER TATE, Mem. Inst. C.E.I., 

8S0BETABT. 



• , 



DUBLIN: 

JOHN FALCONER, 53, UPPER SACKVILLE-STREET, 

Jrinter anb Sinber ia ?Ber S^ajwtg's ^taluintrg Office. 



MDCCCLX. 



TO I!EV/ YORK 

PUBLIC LIBRARY 

1778()9A 

ASTOW. LiNOX AND 

TILI>E*J FOUr.'BATIONS 

R 1«35 L 



J 






CONTENTS. 

r.vGi: 
Observations on River WaUs and Flood Banks in the Ujyper 

Rhine and its Tributaries; hy G. W.. Hemans, V.P. Inst, 

\j»J-j»J.» ••• ••• ••• ••« ••• •,« ... X 

Single and Double Lines of Railway ; hy John Bower^ Mem. Inst. 

w tJ-JmJL . «.« ••• .•■« •.« ••« •>• ••• ^ X 

Annual Genei^al Meeting^ ... ... ... ... ... 3G 

Professor WUMt^ Apparatus foi* showing the greater Deflection of 
Girders under rapidly passing Loads^ than when acted upon 
by equal Loads moving with small velocity — Exhibited and 
explained hy Samud Downing^ Mem. List. C.E.I. ... ... 38 

Oy* the Physical Cause of tJie Increased Deflection of Girders or 
Bridges, exposed to the Transverse Strain of a rapidly passing 
Load ; hy Robert Mallet, Mem. Inst. C^. I. ... ... 39 

On the Maintenance of Macadamized Roads. Sequel to Paper 
read before the Institution of Civil Engineers of Ireland; hy 
John HUl, Mem. Inst. C. E.I. ... ... ... ... 46 

Inaugural Address hy G. W. Henmns, Pres. Inst. C.E.I. . ... 51 

yVte Monster Contract System ; its inflvmce on the Cost of Works, 
and the position of the Engineer ; hy John Bower, Mem. InsL 

K^.J-JmA. ... ••• ... ... ... ••• .«« \f*J 

On the Economy of Scavenging and Repairing the Streets of Dublin, 
compared with that of Scavenging and Repairing the Streets of 
Lambeth, in London; hy R. H. Frith, Mem. Inst. C.E.I. ... lOo 

On Beams and Girder Bridges ; hy William Anderson, Ass. InsL 

\y.Jlj.X-. ... ... ••• ... ... •«. *•■* 1. XO 

On Beams and Girder Bridges {Part II.) ; by William Anderson, 

Ass. InsL C.E^L ... •«• •«• «.. ... ... 121 



IV CONTENTS. 

PAGE 

Description of some Experiments made at the Boyne Viaduct in 

1854; hy Bindon B, Stoney, Mem. Inst. C.E.I. ... ... 135 

On Beams and Girder Bridges (Part III.) ; hy William Anderson^ 

jiss. xnst. \y.J2^.J . ••• ••• ••• ••• •■• »•« x4o 

On the Cause of Failure of Bridges on Mountain Rivers; hy John 

William Kelly ^ Mem. Inst. C.E.I. .,. ..• •.. ... 155 

Description of a High Weir huiU across a Movmtain River ; hy 

John William Kelly J Mem. Inst. C. E.I. ... ... ... 161 

Ohservations on the NewcaMle Coal Experiments ; hy Bindon B. 

Stoneyj Mem. Inst. C.E.I. ... ... ... ... ... 169 

On a New Method of Shoring adopted in removing the two Lower 
Floors of the Royal Banlc, Dublin; hy William Anderson, 
■" Ass. Inst. C.E.I. ... ... ... ... ... ... 183 

On the Scales of the National Survey of Great Britain and Ireland ; 

hy J. Boll Greene, Mem. Inst. C.E.I. ... ... ... 192 

The Editor is directed to state, that the AutJiors alone are responsible 
for the facts and opinions expressed in their several communications. 



TRANSACTIONS 



OP THB 



Institution; of dibit ^nginctrs of |re{anb. 



TRANSACTIONS 



OF THE 



INSTITUTION OF CIVIL ENGINEERS 

OF IRELAND. 



[January 0, 1855.] 

RICHARD GRIFFITH, Esq., LL.D., Presidekt, l\ the Chair. 

Observations on Riveb Walls and Flood Bakks, in the Upper 
Rhine and its Tributaries; by G. W. Hemans, V.P. Inst. C.E.I. 

The author of the following remarks does not presume to 
oflfer them to the Institution as representing a regular paper 
or memoir. Too much engaged in employments, at widely 
separate points, his time gives little leisure for the pen. 

The accompanying diagram map, drawing No. 1,* will 
indicate the course of a railway something over 200 miles in 
total length, laid out in Switzerland under his directions. The 
portion coloured red, 100 miles long, is under contract; the 
remainder, coloured blue, is about 1 00 miles more in length, 
and its line and works have recently been surveyed and 
estimated by the author; but the latter being of quite a 
gigantic character, involving a tunnel through the Alps, it 
is not expected that more than the easiest part will be under- 

• The drawings Tcferred to in this p«per, were presented by Mr. Hemans, and are to be seen 
in the Library of the Institution. 
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taken at present. The importance of the entire chain C01|| 
scarcely be over-rated — connecting, on the nortli, with ( 
whole system of French and most of the German lines, i _ 
would convey their European traffic to all the southern states, 
and further, to Egypt and India. There are now excellent 
steamers on the lakes of Zurich and Maggiore, but these 
would no doubt be eventually superseded by railways on the 
shores of those lakes. It will be seen that the South Western 
terminus of the chain leads direct to Genoa, the South Eastern 
to Milan, and eventually to Rome and Naples. 

The author does not here intend to enter into any consider- 
ation of the proposed method of crossing the Alps; but, as a 
matter of curiosity, he submits to the meeting a profile section 
taken over the Lukmaraier Pass, by his assisUnts. The sum- 
mit is 6,250 feet above the sea. This the author believes to be 
the first accurate section ever made across the Alps with a 
spirit level. 

Referring to the northern portion of the line, commencing 
on the one band at the Lake of Zurich, on the other at the 
Lake of Constance, it ivill be seen that for more than 60 miles 
it follows the course of the great river Rhine— here called the 
Upper Rhine. The river presents very remarkable features. 
Flowing through a magnificent valley, varying from one to 
five miles wide, the adjacent limestone clifi"s rise from 1,500 
to 2,500 feet above its bed. These cliifs bear the most striking 
marks of denudation, or rather decrementation, from the 
constant melting of snows and beating of storms of wind and 
rmn. The bed of the river, Jn its entire length, is composed, 
to an unknown depth, of the detritus from these rocks in the 
shape of limestone gravel. Into this bed, which varies from 
500 to 2,000 feet wide, numerous lateral torrents discharge 
themselves from the mountains; every torrent brings down 
constant accessions of detritus, and these accumulations drive 
the main river from side to side, causing a very tortuous 
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course, and gradually raise its bed from year to year. The 
torrents sometimes come down with tremendous force ; storms, 
called ^' temporales*' occur, during which heavy rain-falls 
bring down a quantity of the soft limestone, and very 
generally the contents of considerable catchment basins among 
the mountains are discharged through narrow gorges at the 
base of the harder cliffs. In the gorges the torrent, charged 
with gravel, rocks, and trees, rises to a great height, rushes 
out with violence, and then immediately spreads over the 
adjacent country, depositing its materials. The result of this 
perpetual action is, that the bed of every torrent has been for 
ages gradually rising, and is always found on a summit, instead 
of the natural position of water, in a valley. The main valley 
of the Rhine is therefore subdivided into a series of cross 
valleys and ridges alternately ; on the ridges flow the torrents 
among dibris and devastating detritus, while the valleys are 
dry, green, and clothed with vineyards. Some of these cross 
ridges are hundreds of feet high of gravel detritus, and their 
lateral slopes extend as far as a mile on each side. Great art 
is evinced by the natives in confining the torrents to the 
summits of their own deposit ridges, but they are by no means 
always successful. Walled channels, with paved troughs, 
channels faced with smooth boards to allow the rapid sliding 
off of detritus, even wattle-sided courses, where means are 
limited, are all employed to convey the dreaded torrents evenly 
fto the great receptacle of all their contents, the Rhine. 
These channels are kept as narrow, deep, and with as great a 
fall as possible ; the object is to give the water power to carry 
along with it the heavy materials which, if deposited, check 
the torrent and cause its overflow. When large trees are torn 
up by the whirlwinds — here called " torments" — aad carried 
down the torrents, the dykes are generally broken, and some- 
times the labour of years on the adjacent grounds is destroyed 
in half an hour. The public road which traverses the valley> 
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is intersected in many places by the torrents ; openings, with 
paved shoots, generally convey them under the road. — {See 

Skelch.) 




When these become choked, tlie road is instantaneously bui 
several feet deep in detritus, and at the season of the storing 
men are constantly on the watch to excavate a. passage for 
the mails, &c. ; notwithstanding, they are sometimes compelled 
to turn back and wait for hours. 

The railway will also cross the torrents in many places; 
and the author has anxiously considered the best means of 
avoiding' the chance of entire dislocation and rupture, or the 
burying up of his permanent way under these currents of 
mud, gravel, wood and water. Their approach is so sudden, 
that serious accumulations might occur almost in view of a 
train before it could be slopped. 

In one instance it is intended to tunnel under the gravel 
ridge of a torrent, in all the others the safest plan seems to be 
to keep as high above them as possible, and to make the line 
close to the main river where the ground is comparatively flat, 
and the torrents Jose their force. It has been also decided to 
straighten, guide, and enclose the course of every torrent passed, 
for a considerable distance above the railway; if possible 
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quite up to its point of sortie. from the mountain and under 
the railway to some distance below. 

The form of channel adopted by the author is thus : — 



The bottom being egg-shaped, as now commonly adopted 
for sewers, and, as well as the sides, paved with stones 18' 
deep — the material excavated is heaped up on either side in 
order to provide against over-flow. These channels are to be 
made from 6 feet to 1 feet wide, deep in proportion, and as 
straight as possible. In that country, with the materials at 
hand, they can be made on the average, for 20s. per lineal yard. 

The upper width between the spoil banks will allow of the 
passage of trees, while the contracted bottom will give power 
to the current to bear along its heavy materials in motion. 
When approaching the railway the fall of the bed is suddenly 
increased so as to ensure a double velocity, and thus it is 
expected that all substances will be forced under the arches 
and no accumulation can arise to overtop or bury the works. 

Drawing No. 3 will convey some idea of a portion of the 
bed of the Rhine with the side torrents. When the snows 
melt, and the water is high, the whole bed from bank to bank 
is full; to prevent overflow of the adjoining lands, which are 
lower at some distance from the river than close to it, earth 
dams are raised all along the banks and following their 
irregular course, as indicated by the lines B. B. B. I'hese 
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are but slight affairs, about 3 feet wide on top and with slopes 
of 1 to 1, and sometimes less; the consequence is that they 
not unfrequently burst, and in 1853 this occurred, and the 
author saw the whole valley for miles under water. When 
the water is low, which is in winter, the bed of the river 
presents the appearance shown in the drawing, and which is 
common to all untutored rivers flowing on gravel beds ; the 
scale of this one being unusually great, the expanse of gravel 
sometimes 2,000 feet wide, intersected by streams in every 
direction, and changing with every flood, is very remarkable. 
Besides the damage by overflow a great deal of land is 
obviously wasted by this wild spreading of the river: con- 
sequently the inhabitants are most desirous of confining the 
entire river within prescribed lines, strengthening its course, 
and improving the fall. 

This being a work of immense magnitude can only be 
carried out in detail and commencing with the moat pressing 
portions. It is done very gradually by the communes, or 
parishes, which are compelled by the government to contribute 
each a certain amount of labour and stone, &c,, per annum. 

400 feet has been determined on for the width of the 
corrected river; and in many places the new channel has to be 
carried, as shown by the dotted lines on drawing No. 3, 
through the centre of the present labyrinth of currents and 
shoals. 

It will easily be understood that to erect, on a loose and 
shifting gravel bottom, dykes capable of confining this mighty 
river at flood level is a serious undertaking. To attempt it 
in detached portions, where the ends of the walls would be 
opposed to the current, would be madness. It is therefore only 
done by commencing at situations where a projecting rock or 
firm bank fixes a point in the new course, and thence the 
work is slowly carried on down stream. 

The form and structure of those river walls varies; but the 
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following are examples of some lliat tlie autbor saw in progress, 
and they will be found to possess some interest : — 




No. 1, Section at top from fi to 10 feet wide, about ith to 
1 ; founrfatioD, rough trees spiked together into a " treiilpge," 
and the hollows filled and wedged up with stones; height of 
wall from 10 fo 15 feet. The foot of such a wall has been 
found liy experience to be very soon undermined, and the wall 
consequently subsides, from the powerful current at its base 
which every new guiding line in running water has to en- 
counter. The ingenious and simple apparatus at the toe of 
the wall is the local remedy found to be most effectual at a 
moderate coat; it is a loose frame-work, also made of trees, 
spiked together and tilled and weighted with large stones; 
this is laid in detached lengths all along the foot of the new 
wall. As the currents wear the gravel at the outside edge of 
this frame, the latter audsides gradually, and thus accom- 
modates itself, without damage to the wall above, to the altered 
bottom; when the frame has sunk considerably it very 
generally becomes a kind of fixed apron well embodied in the 
gravel, no longer moved by the currents, and a sufficient 
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protection to its wall above. The currents being mw 
hurtful wbile the work is in progress than after its completion, 
this simple arrangement is well suited to its partly temporary 
object. 

The trees in the stone-work very generally throw out 
branches and stems of new bushes, which appear to consoU<jate 




No. 2 is another system, and is equally simple, economical, 
and ingenious, though the author confesses that he was much 
surprised at the hardihood of its idea in some respects. 

When the river is very low, a number of hazel and other 
poles, in their rough state, and not more than 2 to 3 inches 
diameter, and 10 to 12 feet long, are pointed and stuck in the 
■ gravel, in the line of the intended dyke ; these are then all 
strongly wattled together with rods and boughs twisted in 
and out. A large gang of men now proceed to make a wide 
trench in the gravel, at some distance, in a parallel line belund 
the wattle-wall, the material excavated is heaped as quickly as 
possible behind the wattles, to a width of 12 or 15 feet on 
top — slope, 1^ to 1. It is surprising to see the fragile boughs 
sustaining, vertically, a fresh embankment of gravel often 12 
feet high. Along the top of the hank thus formed, carts of 
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Stone at once begin to ply, and their contents are dropped over 
the edge of the wattle-wall, and left to assume, in the first 
instance, their natural slope. This operation is continued 
until the whole front is protected, and then the work is left 
to the action of the floods till the next dry season. Afterwards, 
at leisure, the stones thrown over are sorted and roughly 
built together, so as to form an even pitched sur&ce, and the 
toe is protected by an extra deposit of stone. 

It is obvious that the utmost expedition is necessary in this 
mode of erecting the dyke, as the least fresh in the river would 
carry away every portion not protected by the stone-work ; 
very numerous gangs of men and horses are consequently 
employed. The beneficial result is the rapid formation of a 
cart-road, high and dry, along which a large bulk of stone 
can be conveyed, and easily tipped over to its required 
position. The natives are so well acquainted with the signs 
of the weather, that they are very seldom surprised and 
injured by floods before the protecting cover is complete. 

The author, besides carrying the line of railway by a 
bridge over the Rhine, is obliged, in several instances, to 
fonn it in the bed of the river on* the gravel shoals — he has 
not the intention of adopting either of the Swiss plans of 
embankment. His line is single, and he means to try the 
common form of a bank, 18 feet wide at top, well raised 
above the floods, and with slopes of H to 1. These slopes 
to be clothed with a pavement 18'' deep, well sunk at foot 
under the gravel bed. 

It is considered that this form of section, as containing a 
greater substance of material than a more vertical wall, may 
present less risk of sudden subsidence and danger to the 
permanent way, while the flatness of the slope, and depth of 
the toe under the gravel, will be a safeguard against the action 
of currents. 
None of this part of the work is yet in progress, but it is 

c 
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about to begin; and the author will be happy to hear the 
suggestions of any member on the subject. 

The plain paved slopes have been successfully used by the 
author on the Dublin and Drogheda and Galway Lines, to 
resist a very heavy sea; but it is not quite so certain that they 
are suited to a longitudinal current. 

In conclusion, it may be of interest to mention the cost of 
the river walls as built by the Swiss. The gravel banks are 
heaped up at the rate of about 4d. per cubic yard ; the stone- 
work about two francs, or Is. Bd,, per ton or load. It is stated 
to the author that the average cost of the main dykes is about 
100 francs, or £4, per lineal metre, t. e., about 3 feet 3 inches 
in length. 
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[28th May, 1855 ] 
The president in the Chair. 
Single and Double Lines of Railwat; by John Bower, M.I.O.E.I. 

In fulfilment of a promise made in this Institute during last 
session, I have the honor to bring before this meeting the 
question of the comparative merits of single compared with 
double lines of railway. 

This question was first raised in this Institute by Professor 
I>ane, of the Cork College, in a paper descriptive of works 
on "Tlie Amsterdam and Rotterdam," or "North Holland 
Railway," (which he had visited in August, 1851,) read at 
the Institute on the 13th of January, 1852. 

In this paper, after an interesting description of works, and 
a statistical relation of the circumstances of the district of the 
railway, the author, like a true patriot, sought to introduce to 
his own country the improvements and benefits which he had 
seen and felt in a foreign land ; and he concluded his paper with 
the following statement, viz. : — " That single lines of railway 
are fully adequate to the requirements of general railway traffic 
in Ireland," and thd.t "all expenditure beyond the single 
construction is a dead weight upon railway stock." 

On the 30th of March, 1852, Mr. Hemans, V.P., produced 
his " Remarks on that part of Professor Lane's paper relating 
to single and double lines of railway." 

In the following season (8th March, 1853,) Professor Lane's 
paper on Belgian Railways appeared ; in which he describes, 
graphically, the system of railways in that country, as well as 
some of the chief works in detail — enforces the application of 
the principles so successfully carried into execution in that 
kingdom, and adds to the weight of evidence in his former 
paper in favor of single lines as applied to Ireland. 

D 
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A conversation followed, in ffhich very opposite views t 
put fortli ; in consequence of which one of the ordinary genu 
meetings of the iDstitute was Bet apart for the discussia 
this most important subject. 

This meeting and discussion proved a failure; and thiuiq 
of the most important subjects that could engage an IrisD 
institute, Irish shareholders, or Irish engineers, would have 
been set aside, had it not been for the protest entered 
during last session, from the Presidential chair, against the 
views put forward, so ably, in Professor Lane's contributions 
on Dutch and Belgian railways ! 

At the meeting at which the protest was put in, and 
accepted, I had the honor of being present; and, regretting 
the &te of the paper, and anxious that the subject should be 
fully and fairly discussed, had the temerity to volunteer the 
contribution before you. 

In the conversation which followed upon Professor Lane's 
papers, and Mr. Hemans' remarks, it was frequently put forth 
by the latter, and others who were the exponents of similar 
views, that this single and double way discussion was a share- 
holder's question, and not an engineering question ; and that 
the attempt to look at it in a financial aspect was an unpro- 
fessional treatment of the subject. — {See Transactions 30th 
March, 1852: " The Chairman.— A professional paper should 
be discussed on professional grounds, The question appeared 
to be — Is it equally good and safe to work single and 
double lines.") 

These observations were in reply to the able and experienced 
engineer of the Kingstown Railway, who spoke of the depre- 
ciation of railway stock, and the lowness of dividends conse- 
quent on extravagant or needless construction. 

Now, so far from this bebg beside the question, it appears to 
me to be its very soul I and whether as a shareholder's or an 
engineer's discussion, cost is a point of the first consideration. 
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Without shareholders we can have no works, without works 
we should be without an occupation for the engineer; thus, we 
cannot separate the interests of the two — what is a shareholder's 
question must be an engineer's question — for the former is 
dependent upon the latter; and what is an engineering question 
must become a shareholder's question — ^for the latter relies for 
the embodyment of his genius, as well as for his daily bread, 
upon die former. 

If we cannot produce railways at prices which will make 
them desirable investments for shareholders, or, at least, as 
good as other investments for their capital, we can never have 
them to that extent to which they otherwise would exist. 
He art or manufacture that is ruinous to its practiser or 
producer cannot, in the nature of things, flourish; and, although 
the newness of a system, or a discovery in an art may, at first, 
insure, among an enlightened or refined people, a certain 
amount of success, independent of its cost ; unless it is repro- 
ductive of the capital required in its support, it must, in the 
end, fall into disuse, or be crippled in its progress. 

A government may force railways in a nation, by a great 
sacrifice of money, as in the case of France and Russia, and 
secure receipts to proprietors, by the local baronial taxation 
of a people, as in the extension to Galway ; but, so long as 
railways are to be the pure commercial enterprises which they 
ought to be, and save in certain supervisions apart from, and 
independent of, the State, the consequences of treating the 
question away from its financial aspect must fall most seriously 
upon the companies who submit to it — in part on the engineers, 
^ho are deprived of employment by it — but principally upon 
the remote communities, who are locked up by it — who are, 
* ^ it, barred of what is good, and useful, and sufficient for 
their wants, because they cannot afford to have what is more 
^tly and magnificent. 
I shall, depending upon your patience more than on my 
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own ability, treat the subject in its threefold aspect, an 
the folJowing order, viz., of Safety, Efficiency, and Cost. 

FirBt, then — Are single railways as safe as double lineS^ 
I believe I shall best discuss this braoch of the subject by first 
anawering the objections already made, and protested against 
the single system. It is alleged that "single tracks, where 
the works are double, cannot be safely used where several lines 
of railway work into and over each other — that excessive 
danger will ensue at ail junctions — that they can be only 
employed where lines are tolerably straight and level, and 
the management entirely under one control." Now, the 
traffic working into or over a line is, of necessity, always as 
well known and understood by the manager as that traffic 
strictly belonging to his own line ; and, as it is not the 
practice to work any traffic at random, and without mutua 
pre-arranffement, it only becomes as so much more traffic to 
be accommodated by additional stock, sidings, or such an 
alteration of time-tables as will ensure safety and harmony 
in the working of the whole system. 

With regard to the danger at junctions. Great care must 
be taken in the double as well as in the single way in the 
management and working of the traffic, to avoid collisions at 
junctions {as ipell as ai every otker point of a line), and that the 
necessary sidings be arranged for the reception of trains at all 
points of intersection; and, accompanied with proper arrange- 
ments as to time, this system is rightly held by all single- 
track advocates to be safer than the double way : in return for 
which safety passengers are sometimes called upon, at sidings 
and in stations, to make a slight sacrifice of patience — seldom 
of time in the whole journey — consequent upon the slight 
inaccuracy that must occasionally arise in the meeting and 
passing of trains. 

But it is stated that, " unless lines are straight and level, 
single tracks cannot be used." What difference there is against 
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curves on single lines, beyond the mechanical disadvantages 
that exist on double lines, I cannot pretend to imagine ! An 
obstacle accidentally or maliciously placed, a slip in cutting 
or embankment, or a bridge carried away, is an occasional 
evil which cannot be guarded against ; and such a circum- 
stance, occuring upon a sharp curve, might cause, on a double 
line, injury or destruction to two trains^ whereas, on a single- 
track railway, only one could suffer. But such an accurate 
meeting of trains for destruction would only be by most 
intelligent malice, or at exceedingly rare intervals; so that, 
in this respect, I look upon the systems as equaL 

I need not tell this meeting that, with proper management, 
no two trains should meet or overtake each other on the same 
line; and, acting on this principle, it is the practice not to 
g'rant special trains when there is any reasonable risk of such 
an event. 

There inay exist some inconvenience in working a single 
line over steep gradients, beyond what might be in the double- 
track system. — Thus the situation of such passing places as 
might be desirable for the working of the traffic, according to 
certain hours of departure and arrival, might fall, inconve- 
niently, on inclines where stations might not be necessary, and 
thus increase the difficulty of stopping, and the wear and tear 
of the stock and road ; but, considered in relation to the addi-^ 
tional DANGER alleged to ensue, it is wholly imaginary ; and 
with such an arrangement of short and well balanced inclines 
as should be a desideratum in the execution of works, it will be 
an easy matter to overcome the difficulty. 

It is stated that ^^it is obviously more dangerous to use a 
single track, with frequent sharp curves and inclines/' and the 
object of avoiding such curves and gradients is stated to be, 
" that engines can recede from each other in time." 

From this sage objection one might suppose (in the absence 
of any other knowledge) that it was the practice to send 
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engines and trains out, depending altogether upon tbe instincts, 
the second eight, or the look-out of engine-drivers- But, 
knowing that no train or engine is RuSered to go on a line 
without pre-arrangcment, or a perfect knowledge of the move- 
ments of all the trains upon the railway, it is obvious that a 
collision, under such circumstances, can only occur by some 
unfortunate accident or oversight, which would be as likely to 
occur upon the double aa on the single line. 

It is also stated that, " on single lines, slow trains must put 
into sidings, and wait a long time, to keep out of the way of 
fast trains; and at points where up and down trains meet, on 
a long single line, the slightest casualty is sure to cause a 
long delay to one of themr' The objection applies equally 
to single and double linei! It is an axiom in railway manage- 
ment, that if all trains travelled at the same rate, and in the 
same direction, collision would bo impossible! But the chief 
difficulty in managing a large traffic, is the unequal speeds at 
which trains must travel; and out of this circumstance, also, 
arise most of the accidents that occur on railways. Thus 
engines, getting disabled, and tbe trains they convey losing 
time, and being run into by trains coming after, is a frequent 
source of dimger. But, in this respect, the single system has 
the advantage! for, sidings being distributed at short distancflB^ 
for the passage of trains, a disabled engine would, in most 
cases, be able to take shelter In one of them, and remain safely 
till the passing of the faster, or following train, when a flag of 
distress could be seen, and assistance rendered, or sent back 
from the next station : whereas, with the double track, it 
might be impossible to reach such a haven, until a fatal 
collision occurred — the occurrence of which, lamps and signali 
have so often failed to prevent. 

With regard to the other part of the statement, alluding to 
the " delay to one of the trains in case of any casualty occur- 
ring," this must be admitted I But let me ask, where is tbe 
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passenger, travelling in a train on the up line of the double 

system, who would madly wish to proceed past the scene of 

an accident on the down line, ignorant of its nature and extent? 

Would we not all prefer lyin^ quietly and safely in the siding 

—hmg time^ and saving our lives — to the glorious ignorance 

and risk of dashing past the scene of the disaster ? 3ut does 

It not happen every day that, on the best double lines in the 

world, slow trains must put into sidings, and wait for the 

passing of faster trains? To avoid this inconvenience, if it 

be one, four lines would not be enough for the varied traffic 

of even an ordinary railway. 

At Swindon, for example — the great station of the greatest 
hne in the world — at Crewe, at Birmingham, at Wolver- 
hampton---in the management of the greatest proprietary in 
the world — the observing traveller may see it every day 
occur; and, "in case of casualty," there also would there be 
serious delay, and, moreover, a delay which no sane man 
would wish to break until the line was reported safe and clear. 
With regard to the statement that, " to work single lines, 
the management should be entirely under one control." This 
state of things would be desirable in all cases — in double as 
well as single railways, if it were possible. Out of divided 
direction, and the consequent squabbles of railway boards, 
come great inconvenience to the public, as was lately illus- 
trated in the case of the Drogheda, Junction, and Ulster 
Companies, where even the oil for lighting the carriages used 
on the journey from Belfast to Dublin, was the subject of such 
serious misunderstanding that, a short time since, each com- 
pany had its own set of lamps, which were regularly changed 
at the junctions : the directors or their officers being wholly 
unable to settle amicably the division of this magnificent item 
of expenditure. 

Heretofore there has been great difficulty in getting proper 
public accommodation from railway companies, but this is fast 
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disappearing. It must be for their mutual benefit to work 
together for the perfect accommodation of the public ; save, 
perhaps, in a few exceptional cases, where rival schemes create 
conflicting interests, and even in' these cases, in future, the law 
will at all times prevent such arrangements, as will produce 
danger to the living cargoes transported by them, 

I cannot see, however, that divided direction will act 
injuriously in the case of single over double lines. It will, 
doubtless, increase the number of sidings and the difficulty of 
adjusting the trains a little, but with the intelligence and 
energy, which should characterize the management of every 
railway, it cannot increase the danger of working the traffic 
over the road. 

There are two classes of accidents occurring on railways, 
viz., those which arise from imprudence, and those beyond the 
control of the sufferers. 

With regard to the former, a double line might appear to 
afford a greater breadth for accidents of this class. For 
instance, a large proportion of the accidents that occur, are 
from passengers thoughtlessly getting out on the wrong side, 
and being run over by a train on the other line ; in trespassers 
crossing railways ; or in the case of passengers crossing at 
railway stations. However, when we take into account that 
the same number of trains must always pass the same points, 
whether on one line or two lines, it reduces the risk in both 
to equality. Besides, this is a class of accident which cannot 
be chargeable to railway management, and therefore need 
not enter into the discussion of the merits of the respective 
systems. 

The class of accidents which are beyond the control of the 
sufferers, are those which should be the subjects of railway 
legislation and management; and if single lines were found to 
be more productive of such calamities, it would be a strong 
argument against their use ; not, however, with reasonable 
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communities or engineers to prevent their adoption, but 
to be a reason calling for greater caution in their use and 
mnagement. 

But we do not find that such is the case. The greater 
punctoality, necessary to the working of single lines from 
station to station, is the best safeguard against accidents of 
this class. 

The single lines of Belgium, of Prussia, and Germany — of 

France, of America, and of the United Kingdom, possess 

extraordinary immunity from collision, when compared with 

tlie double lines of England. And, when we look for the 

localities of great accidents, we find them on the best double 

lines in these countries ; and up to the present time, I am not 

aware of any serious accident having occurred upon the 400 

miles of single line in Ireland. Nearly all the bad accidents 

which have occurred, within the control of companies, on 

double or single lines, have sprung from miamanagementy 

disobedience of orders^ or want of intelligence in driving t Of 

the first class, may be mentioned, the carelessly leaving a 

horse-box on the rails, at the Shrivenham station of the 

Great Western Railway, by which six persons were killed, 

and thirteen wounded. 

Of the second and third, the accident at Straffan, where 
recklessness with regard to time, and to the strict look-out 
always required, caused such a melancholy tragedy. 

Perhaps the best of all evidence, on the subject of the safety 
of the single system, is in the fact, that the Passengers' Insur- 
ance Company, know no diflFerence of risk between the single 
and the double railway. In the insurance of life and property 
by all other companies, we find the very nicest differences of 
risk, and all the circumstances leading thereto, appreciated, 
tabulated, and charged to the insurer; but in the practice of 
the company referred to, there is no such difference known, or, 
if known, it has been held wholly unworthy of notice. 
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Costly signals are epokea of, as necessary for i 
■ingle ways: I believe that the sig;iial system is, e 
most imperfect one, and much confusion and misunderstandii^ 
are evils constantly springing from it. That safety from 
collision (which embraces fifty per cent, of all the railway 
accidents) migh tbe almost wholly arrived at, by a more strict 
lystem of keeping time : the first requirement of which is, to 
have sufficient locomotive power for working the traffic on the 
line, and to have the means of keeping it in efficient working 
order; to have the time-tiibles so arranged as to meet every 
circumstance that can reasonably cause the retardation of 
trains ; and hence, rather to increase the time allotted to the 
travelling of a given distance, than nnt to be strictly punctual. 
The public are irritable under the delay at stations and sidings, 
which occurs without good cause,beyoud the advertised figures; 
but they cannot be dissatisfied, when there are strictly punctual 
arrivals and departures at the stations along the line, according 
to the tables ; and they do not observe even a greater delay, in 
diminished velocity when the train is in motion, which more 
moderate speed, at certain places, might ensure the desired 
punctuality. Further, that such punctuality may be enforced, 
it would be wise to give the drivers good watches, and to 
establish good clocks at all the stations and sidings; to give 
premiums to the most deserving drivers; to abandon the system 
of fines and punishments; and not to keep, on any terms, 
tbe careless or irregular. To carry out perfectly the system of 
accurate time-keeping, it may be necessary that tbe drivars be 
of a superior class to those which we constantly find in Ireland : 
good mechanics, sober, and intelligent, who thoroughly under- 
stand the course of the traffic which they have to meet and 
work with. Indeed it might be desirable, that each driver 
should have placed conspicuously before him on his engine, 
the trains which he has to meet in his run, and the positions 
ia which he is to pass them. 
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Finally, on this section of the subject, I would say (hat, 
yitiih the strict punctuality which should characterize all railway 
arrangements, and which is not too much to expect from the 
present state of mechanical science and skill — the caution 
and intelligence that should distinguish railway officials of 
[ every grade — guards and drivers as well as managers and 
[ engineers — the single is, in every respect, as safe as the 
I double way. 

Establish, then, for the working of the single system, tele- 
graphic connexions between the sidings and stations on the 
line, by which, at every stopping place, intelligence may be 
bad of the motion of the trains before and behind, and a 
degree of security will be attained, beyond which there would 
be nothing left to desire. 

The second question in this inquiry may be put in the 
following words — ^* Can a traffic as considerable as that on the 
best lines in Ireland be carried on single lines as well as on 
double lines f* 

In Professor Lane's papers on Railways in Holland and 
Belgium, there is sufficient matter, argumentative and statis- 
tical, to satisfy every unprejudiced mind upon the subject: 
the number of trains per day working safely and well over 
single lines — Irish, fjiglish, Prussian, German, and Belgian — 
being, in many instances, as great, and in some greater, than 
over our double Irish railways. 

But for the purpose of considering this question practically, 
I shall take the case of the Great Southern and Western 
Railway of Ireland, where there is a double line throughout, 
with a large traffic, and consider the movement of the trains 
at present upon it, and see what arrangements would be 
necessary to work it with a single track. 

The time table for this month (April, 1855) shows that the 
following trains are passing daily upon this line, amounting in 
all to seven trains each way per diem : — 
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Ur TRAINS. 



2. Limerick 
8. Cork 



DubUn, 
Dnblin, 

Dnblin, 



Speed, 23 milea per boor, induding atoppaigel. 



DOWN TRAINS. 



Speed, 20 mllee per hoar, including Btoppi 



6. Dublin to Limerii 
. Dublin W Kilkem 

7. Dublin M Cork, 






The intersections of the above tnuna occur in the manner 
and situations described underneath: — 

1st up train meets the 2nd down train at Kildare, and the 
3rd at Straffan. 

2nd up train meets the 2iid down at Portarlington ; 3rd 
between Newbridge and Kildare. 

3rd up train meets 1st down at the Limerick Junction ; 2nd 
between Roacroa and Templemore ; 3rd between 
Maryborough and Mountrath ; 4th at Straffan, 

4th up tnun meets the 1st down between Mallow and 
Blarney ; 2nd between Knocklong and Limerick 
Junction; 3rd at Limerick Junction; 4th between 
Maryborough and Mountrath ; 5th at Hazlehatch. 

5th up train meets 4tL down at Limerick Junction ; 5th at 
Roscrea; 7 th at Kildare. 

6th up train meets 5th at Goold's Cross. 

7th up train meets 7th at Limerick Junction. 

These intersections are 18 in number, but, from coincidence 
of position, the number of sidings necessary to allow these 
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traiDs to pass is only 12! Or, in other words, to work the 
pusenger traffic of the Great Southern and Weetem Railway 
of Ireland not more than tioehe »idings would be itecewartfy and 
of these twelve sidings one-half the number would be at 
stations as already existing ! And this arrangement includes 
tbe accommodation of the branch traffic on the main line. 

Moff let ic be granted that the goods' traffic will not require 
a greater amount of additional accommodation for the passt^^c 
of its trains, and we shall have 24 sidings as necessary for the 
acwmmodation of the trafEc of all descriptions on the \6a 
miles of line ; and this is an excessive estimate of the amount 
pf accommodation necessary for all purposes 

With regard to the length of these sidings, it may be stated 
that an excessive average for goods' trains will be 16 waggons, 
and the grenteat would not exceed 40 waggons. The 
passenger trains will not amount to more than half that 
number of carriages. The length, therefore, absolutely 
necessary for each siding would be about 20 chains ; but, for 
the purpose of giving ample room for stopping and starting, 
their length may be taken at half a mile each. 

Thus, then, we have 24 sidings, each of the length of 40 
chains — equal to 12 miles of line — add to which 4 miles of 
additional way for short sidings, necessary at junctions and in 
stations, and we have 16 miles, or 10 per cent, of double line 
necessary on the whole line from Dublin to Cork. 

Referring to several lines in Ireland (the Dublin and 
Belfast Junction for example), it may be proved, that this 10 
per cent, of siding, derived from the time tables of the Great 
Southern and Western, is in excess of what has been found 
sufficient to work as large a traffic. 

Great stress has been laid, in the remarks upon Professor 
l^ane'a paper by the Engineer of the Midland Great Western 
Railway, upon the impossibility of providing, on single lines, 
for the " great increase of traffic at the races, and at the great 
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annual feirs of Ballinasloe and Mullingar;" and a 
questionable principle has been advanced, viz., that " provi 
in the comtruetion of a line should be made for the maximtn 
and not for the ordinary amount of traffic in such cases." 

In reply to this it must be admitted that provision should 
be made for the ma.xlmum amount of prnjitable traffic on ail 
lines I But that it should be made by the doubling of a 
railway I deny I The obviously proper, and necessary 
arrangement to meet this difficulty, is the enlargement of the 
locomotive power and rolling stock upon t!ie line ; and most 
clearly, not by the doubling of the line. A constant amount 
of stock, capable of carrying a given amount of traffic, or to 
meet a contingency such as that mentioned, would be necessary, 
whether a. railway had one track, two tracks, or ten tracks I 
and, in this respect, the Directory or Management of the 
Midland Great Western Railway failed to accommodate the 
traffic at the extraordinary time mentioned. Indeed, bo 
notoriously inadequate were the locomotive power and carrying 
stock on that railway, at the time that these views were 
advanced, that the arrivals of the mails and ordinary trains 
were constantly delayed much beyond the time advertised. 

It surely is an absurd proposition, that for the accommodation 
of the extraordinary traffic occurring only three or four days 
in the year, the whole length of a railway, of over an hundred 
miles in length, should be doubled 1 

The increased traffic in this case, is an increase over a greater 
space of time in the same direction — That is ; in the mornings 
the extraordinary traffic to a fair or race-course is very great, 
but it is all in one direction, viz., toward the point of attraction ! 
In the evening, the extraordinary traffic is all in the opposite 
direction, viz., returning from that point of attraction ! There- 
fore, the prevailing streams of traffic would never come into 
coUiaion 1 and hence the single line, without even an increase 
in the number of sidings, would answer all the requirements, as 
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well as if no such extraordinary traffic existed — the locomotive 
power and rolling stock being equal to the emergency I 

It is a principle of railway economy, that certain branches 
of traffic may be carried at a loss, as in the preponderance of 
certain kinds of remunerating transport in one direction, over 
that in an opposite direction, where the haulage of empty 
vehicles may be saved, and something added to the total 
receipts by the adoption of a vanishing tariff. In cases of 
competition with steam-boats or other railways, or with a view 
to the development of a traffic which may at some future time 
bear a remunerating tariff. But, the principle of laying down 
additional Hues of way, or of adding indefinitely to either the 
locomotive power or the carrying stock of a company, for the 
PERFECT accommodation of such transient traffic, cannot be 
admitted, except after the most grave consideration. Indeed, 
it should be a serious question with a directory, whether they 
should provide at all for such contingencies, beyond their 
ordinary resources of stock and power. 

Mr. Hemans states, in his remarks on Professor Lane's 
paper, that the traffic (nine trains each way per diem) on the 
North Holland Railway might be shown to be less liable to 
difficulties in its carriage than the same amount of traffic on a 
single line elsewhere I 

1 confess my inability to understand how this ia ! Let us 
realize the density of the traffic on the North Holland Kailway 
by a parallel case, in which we shall suppose our own principal 
towns in Ireland placed upon a line of equal length. Let 
Dublin be one of the termini ; at 1*2 miles distant place Cork ; 
at 34 miles place Limerick ; at 50 miles, Waterford ; at 60 
miles, Londonderry ; and let the other terminus, 76 miles dis- 
tant, be Belfast. Moreover, let the country, in an industrial 
point of view, be superior to anything that poor Ireland can 
boast, and we shall have the parallel here of what the 
Amsterdam and Rotterdam is, as worked with a single line 
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of railway. Can anything be more convincing than tliis 
illustration ? Can it be doubted that a railway with a traffic 
attached to it, carried at a speed of 30 miles per hour, 
flowing from what is equal to the concentration of all our 
centres of traffic, is sufficient for any requirements that can 
exist in Ireland. 

1, therefore, dissent from the proposition that there can be 
any difference between the arrangements necessary to work 
nine trains each way over 70 miles of single line in Holland, 
and the same number of trains on the same length of line in 
Ireland, or any where else in the world. It is even more absurd 
than the fallacy of the fairs, and is wholly untenable. 

The traffic between Belfast and Dublin, which is .carried 
over the Ulster, Drogheda, and Junction Railways, has been 
as safely and surely carried over the 55 miles of single line, 
which the Junction occupies in the system, as on the remaining 
50 mites of the Drogheda and Ulster Railways. 

The following schedule will show the comparative densities 
of traffic on the double and single lines, as at present worked 
in Ireland : — 



THROUGH TRAINS ON DOUBLE LINES IN IRELANU, 



On the Great Sontbem and Western Hailwaj 
„ MidlsQd Great Weetern Bailway . 
„ Ulater Ruilwaj .... 
„ Drogheda Eailway 



THEOUGH TEAINa ON SINGLE LINES. 



On the Dublin and Bel&at Jonotioo are . 
„ Bel&st and County Down Rmlway 
„ Bal&st and Ballymoaa Railway . 
„ Dundalk and Enniskillen 
, , Dublin and Bray .... 



Thus does it appear, that on our own Irish lines as great a 
traffic is accommodated as on our double lines. Proof this, 
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which puts US beyond the necessity of g^ing to foreign 
countries to look for the evidence of the efficiency of the single 
system. 

Finally, on the question of the capacity of the single way. 
"When the traffic of a country more rich in minerals, agriculture, 
and manufactures than Ireland, and more dense in population 
than any other country in Europe, is carried over single lines 
safely and satisfactorily, it is conclusive general evidence that 
we have been either guilty of extravagance in the outlay on 
double lines, or wanting in the intelligence necessary to work 
the traffic safely and effectually over single lines. The former 
conclusion is unfortunately in keeping wich our national 
character, public and private; and the latter is even more 
humiliating, but, I believe, less true than the former* 

774^ difference of cost between the single and the double way 
is now to occupy our attention; and as the statements put 
forward on authority in Professor Lane's paper show a very 
wide discrepancy with the remarks which follow it, I shall try, 
from independent materials and resources, to arrive at a right 
conclusion on the subject. 

It ought to be a sound proposition that railway works, the 
success of which is so much dependent upon their commercial 
character, should be limited by the rules of ordinary business 
enterprizes in the hands of private individuals, and should be 
limited in extent to suit the requirements of the generation 
in which they are executed, leaving their extension to those 
who come after, should that succeeding generation require 
the accommodation. 

The trader or manufacturer who, at his outset in life, would 
erect or hire for his use stores, workshops, or warehouses of 
an extent equal to ten times his trade and capital, on the 
supposition that in twenty years he or his children might 
require such accommodation, would be properly accounted a 
lunatic. We know that it is the practice in all wise business 

IE. 
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enterprizes to commence cautiously, and not to throw capital 
into a position where we may lose its use. Yet, notwithstand- 
ing this common-sense procedure in private affairs, the practice 
of Joint Stock Railway Companies has been sadly different. 
Engineers seldom holding scrip, and therefore indifferent to 
the financial position of the companies for which they worked, 
studying only the erection of magnificent works, throug-h 
which they might extend their fame ; and directors, in 
ignorance of their duties, conspired to spend in times past such 
sums of money upon railways, as nothing short of the fabled 
prosperity of the mineral and manufeicturing districts of 
England could afford. 

The Britannia tube is a specimen of this monstrousisystein 
of expenditure ; in which instance, to raise the fieune of one 
man, something like £400,000 more than was necessary, has 
been spent. 

I do not know that two trains have never passed on this 
bridge ; but I do know, and confidently assert, that it was not 
necessary, for even the traffic of the London and Holyhead 
Railway, to make a double line across the Strait. 

It must be admitted, at the outset of the discussion as to 
cost, that a double line is in the abstract better than a single . 
line ; but that it is better on the principle elucidated in the 
remarks on Professor Lane's paper, I must beg leave wholly 
to deny. 

Mr. Hemans, in his ^^ Remarks" published in the Transac- 
tions, says, that ^^with a very confined capital it may be 
occasionally necessary to construct only single earth works." 
Where, let me ask, is the line in this country where the 
capital has not been confined ? Shall I refer to the Govern- 
ment aid to the Galway Extension — to the transfer of nearly 
the entire stock of the Newry and Enniskillen to one indivi- 
dual at a nominal price — to the almost bankruptcy of the 
Derry and Coleraine — to the difficulty which the Ballymena, 
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Ballyinoney, ColeraiDe, and Portrush Ck)mpany experienced 

in getting a contractor — to the financial position of the Wick- 

lo^if Railway, the consequences of which, at this moment, are 

notorious, but may not be mentioned — to the Dundalk and 

KuTiiskillen, supported in its credit by the wealth and public 

spirit of one noble earl — to the recent dividend of one per cent. 

on the Derry and Enniskillen preference shares, which cannot 

^^paid in money — to the panic at the last half-yearly meeting 

of the Waterford and Tramore— or, finally, shall I refer to the 

^Uijust and general issue of preference shares everywhere ? by 

"wliich the poor man's stock is eaten up by the rich. In a 

^Word, from the quotation referred to at the head of this 

paragraph alone, it might be proved that on every occasion it 

"Would be wise and necessary to construct single works only. 

Let those remarks conclude with the words, ^^ whenever the 

capital can be had it is much better to construct everything 

for a double way." 

That is^ independent of the nature of the country — 
independent of the traffic to be expected — ^independent of the 
number of passengers, and of the goods-^whoUy apart from 
whether the line will pay 10 per cent, or no per cent, upon 
the capital ! Surely this is not reasonable. 

If £750,000 make a railway of a given length (say 100 
miles) which will do the same work as effectually and as safely 
as if a million were expended, why should I spend £250,000 
for which I can get no return ? This is the simple question, 
and one that it requires little skill or intelligence to understand 
or to answer. 

Let us, then, see how this hypothesis applies. I shall take 
the case of a railway, such as the Great Southern and Western, 
in the magnitude of its works ; and first, make an estimate of 
its cost per mile under the different circumstances of single 
and double tracks. 
I have laid upon the table a Parliamentary section which 
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corresponds to the case before us, and on that section shall 
approximately estimate the cost of the double line (the items 
of which I shall try to keep unobjectionable), and afterwards 
(modifying the quantities and works) shall try to arrive at the 
cost of the single line on the same section. By these means 
I propose to get both the total cost of each and the difference 
between them ; thus I shall have the saving in money and in 
per aentage of work and expense. 

The formation of the double line is assumed to be 30 feet, 
and for the single liue 18 feet. The slopes are taken at IJ 
to 1 throughout in both cases. I have calculated the quantity 
of earthwork for both formations, and can pledge myself to 
the accuracy of the quantities returned. 



ESTIMATE OF THE COST OP 14 MILES OF DOUBLE LI 



3,91S,S3fl cubic yards of EanLnork, @ li., 

Land, G28 actea, @ ^70, 

Fencing U milea, @ £130, . 

Oier-rwuJ Bridgee— 15 @ £600, 

RivCT and Cnder-road Bridges— 52 @ £800, 

Pnblio Road Level CroBsinga— 18 (g £70, 

OccupatioD Roads do,, 2S @ £S0, 

Do. over Bridges— 16 ® i'240, 

Do, under Bridgea— 19 @ £210, 

Cnlvarts, Large— 17 @ £120, 

Do. SmaU— fiO @ £00, 
PermanBQt Way (Barlow)— 15, S40 Tone, @ 
Ballasting 77,140 cubic yarda, ® 2(. ed., 
Stations— 41 milsa, @ £200, 
Cost of Act and Bnginearing— 11 miles, @ £500, 
Rolling Stock, Locomotive Power, ) -, -.- 

Madupsrj, Turn Tables, Sc, ( -£1.000 per 



)S.S1S ^ 



5,610 

3,000 

ies,40o 



The foregoing estimate is for the double line, with all worki 
dnuh1ed.—£,->^i),»\& for 44 miles, is £12,300 per mile. 

1 shall now estimate the cost of the single line, with all the 
works single, by which I will show the absolute savinfEi 
the adoption of that system. 



vin|^^^| 
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ESTIMATE OF THE COST OF 44 MILES OF SINGLE LINE. 



3,321,100 cubic yards, @ 1«., 

LaDd^lO acres ^ mile, @ £70 ^ acre, 

Fences — 44 miles, @ £130, 

Public Road Ovei^Bridges, double— 15 @ £600, 

Birer and Public Boad Bridges, under— 52 @ £500, 

Public Boad Level Crossings, complete — 18 @ £70, 

Farm Boad do., 26 @ £50, 

Do. Over-Bridges, double,— 16 @ £240, 

Do. XJnder-Bridges, single— 19 @ £200, 

Colyerts, Large, single— 47 @ £80, 
Do. SmtOl, do. 50 @ £40, 

Permanent Way (Barlow)— 8,860 Tons, @ £10, including 
Points, Crossings, and Laying Bails, 

Ballasting 42,592 cubic yards, @ 2«. 6d., 

Stations— 44 miles, @ £200, 

CoRt of Act and Engineering, 

Soiling Stock and Locomotive Power, Mackinery for 
%ops, and Turn Tables, 



£166,055 
30,800 
5,720 
9,000 
26,000 
1,260 
1,300 
8,840 
8,800 
3,760 
2,000 

88,600 

5,810 

8,800 

22,000 

44,000 
£417,245 



The amount of this estimate, divided by the length, gives 
£9,480 as the cost of th^ single line. This shows a saving 
of £2,820 per mile between the double and the single line on 
the section before us, which would be the absolute difference 
between the cost of a line in every respect single^ and a line in 
eoery respect double. However, as it is a well grounded 
opinion, that in most cases land should be taken and under- 
bridges also built for a double line, I shall add an estimate 
suited to that case. 

ESTIMATE OF THE COST OF 44 MILES OF RAILWAY, WITH 
SINGLE TRACKS— LAND AND ALL BRIDGES DOUBLED. 



Eartliworks--3,321,100 cubic yards, @ 1«., 

Land— 12 acres ^ mile, @ £70 ^ acre. 

Fences— 44 miles, @ £130, 

Over-Road Bridges— 15 @ £600, 

Under do. 52 @ £600, 

Public Road Level Crossings— 18 @ £70, 

Farm Road do., 26 @ £50, 

I Do. Over-Bridges— 16 @ £240, 

I Do. Under-Bridees— 19 @ £240, 

I Culverts, Large— 47 @ £120, 

/ t>o. Small— 50 @ £60, 

/ Permanent Way— 8,360 Tons, @ £10, with Points, 




Cross- 



6(2., 

-@ £200, 

I ^^^ 0^ Act and Engineering, £500 ^ mile, 

I tolling Stock, Locomotive Power, Machinery, and Turn ) 

I Tables, £1,000 ^ . . , . S 



£166,055 
36,960 
5,720 
9,000 
31,200 
1,260 
1,300 
3,840 
4,570 
5,640 
3,000 

83,600 

5,310 

8,800 

22,000 

44,000 
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The COSE per mile, according to these EBtJinates, is i 
follows : — 



Double Line — cost V mile, . 



uid DO proriBion for after ( 



Showing a saving of £2,820 in the former case, and in the 
latter, £2,480. 

The additional saving to be realized by limiting the par- 
chase of land and the under- bridges to the actual require- 
ments of the track being only £340 per mile, I am of opiniou, 
considering tlie possibility of a necessity for after doubling, 
and its additional rates of cost, that this is not sufficient to 
warrant the adoption of the strict system ; and shall, there- 
fore) simplify this discussion by stating that I recommend that 
land be taken and all bridges built for the double line — and 
on the saving in works, under these circumstances, I rely. 

There is another method of estimating the saving in the 
single way. Thus it may be stated incontrovertibly, that 
the single railway at least saves the following works and 
items of expense: — 



Fint, tV "f * ''"'^ °f Earthwork of 12 feet thick and 14 I 
feet bigh=13,636 cubic jards per mile, ® la., . \ 

Seooad, rt «' lialf ""^ •'^^ °^ PennaoBnt Way, 
Third, -^ of li&li the BtklUstiog of the Line, 



This is a corroboration of the former estimates of saving, 
and is good proof of the correctness of the calculations. 

Some time since, relying upon the importance of this subject, 
and fully expecting the co-operation of the profession, I made 
an attempt, by the issue of circulars and schedules, to get 
information amongst the engineers and contractors in Ireland 
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of the comparative cost of single and double works, but in 
more than half the cases I was unsuccessful. 

However, from English engineers of position in this country, 
X met with courtesy and assistance, and I propose to quote 
their opinions, with regard to the saving, in very simple 
terms: the general practical savings in the different depart- 
ments of cost being nearly the same as returned by all. 

Thus it is agreed that, in average works which would occur 

in Ireland, ^ is the saving in earthworks, and ^ in permanent 

^ay and ballasting. 



This would give —Earthworks, saying p . . . jC890 



f> 



Permanent way and ballasting, -f^ saying, . 1,714 



£2,604 



This would show, that in the opinion of persons competent 
to judge — of such men as Mr. Miller, of the Great Southern 
and Western, and of Professor Godwin, of Eling's College, 
Belfast, and the Ulster and other railways, that my estimate 
of saving is within tl^e actual amount, and may be fully relied 
on as the net difference in average works. 

If the X or other rail with timber bearings, were used, the 
saving might be shown to be still greater, from the natural 
decay of the timber in the road ; which should, independent 
of all tra£Sc, be renewed every twelve years. This would 
amount to £300 per mile, taken out of capital in the first 
instance ; which sum, at interest, would be necessary to pro- 
duce the cost of replacing the timber in the time mentioned. 

This decay is, however^ usually met by a sum taken out 
of revenue every year, and set apart for the purpose, and 
therefore the above additional saving might be said to be 
improperly taken into account; but, whether taken from 
capital in the first instance, or out of revenue in the last, it 
will have exactly the same effect on the value of the stock. 
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In the foregoiag estimates, it will be observed that there 
are only two items which will vary with the character of the 
works, viz., the earthworks and the permanent way. 

The latter is a quantity which does not admit of dispute, 
for it is always exactly half the double way, minus the length 
necessary for sidings : and the former may be almost demon- 
strated to every reasonable mind. 

It has been already put forward, that the saving is equal to 
a core of earthwork, twelve feet in thickness, running througb 
the whole length of the line. This is strictly true. 

The difference in the cubic quantities of cuttings and 
embankments will, in the slopes, vary as the square of the 
height ; but the difference in the areas of caret of different 
heights will be directly as those heights. 

This latter proposition states the difference between the 
savings in works of different magnitude, as between the 
single and the double system : the slopes containing the same 
quantity in works of the sam,e height, whether in the single or 
double line. Thus, if ten thousand cubic yards per mile are 
saved in the e<ccavations of a line whose cuttings average 15 
feet in height, twenty thousand cubic yards would be the 
saving in a line whose cuttings average 30 feet high. 

1 have found, by calculation, that the cuttings on the 
section before yorf average 14 feet in height. Now 20 feet 
in average height would very nearly double the earthworks of 
this line, and raise the cubic content to a maximum; and 
reduced to 8 feet in height would reduce the content to nearly 
one-third, which would be a minimum case of earthworks. Id 
the former case the earthworks' savuig would be 681x2 = 
£1,362, and the whole saving on the mile 1,714-1-1,302= 
£3,076. In the latter case the saving on earthworks would 
only be ^^' =£227 ; which, added to the cost of permanent 
way complete, gives 1,714-1-227 =£1,941, as the saving on 
the whole mile in minimum works, the average of the two 
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being £2,507. Thus it is seen that the whole range of 
difference between the earthworks averaging 30 feet deep, and 
averaging 8 feet deep is not above £1,133 per mile. 

Now the estimate of saving already put forward as for 
average works is only variable within the limits up or down 
of half that amount, or £570. The whole range, therefore, 
of the difference in the value of stock arising out of maximum 
or minimum worics, will be between ^ and ^ ; being correctly 
the proportion which that difference bears to the whole 
capital. 

The iron in the permanent way is the main item of saving 
in the single railway. The great fluctuations in the price 
of this article, ranging from £8 to £16 per ton, make it 
impossible to reckon on a first saving in money ; but taking 
the cost of hiying the Barlow rail at £120 per mile, it will be 
seen that the price per ton, £10, set down in the estimate, 
only takes credit for the minimum saving in this department 
The earthworks are treated in the same liberal manner in the « 
estimate, Is. per yard only being reckoned on, which is the 
minimum figure used for estimating the works of an entire 
line, and calculating on slopes of 1^ to 1 throughout — a great 
portion of the work in such slopes being relied on as unneces- 
sary in the execution, from the expected occurrence of rock 
excavation in the work, which reliance could not here exist, 
inasmuch as the saving is always of a portion of the core of 
the earthworks, and never affects the slopes. 

Thus, in both items I have used figures which are below 
what I might assume as the saving due to the single railway 
against the double line. 

However, even with these figures it has been shown that 
the saving in cost fully bears out the statements of Professor 
Lane, and the estimate long since published by the Railway 
Commissioners. 

Recurring to the estimates the total cost of the mile of 
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railway is £12, SOU, and the average saving is £2,500; which 
is at the rate of 21 per cent, upon the cost I This sum may 
he stated to increase the dividends in this ratio, converting the 
3 into 3^ per cent. — the 4 nearly into a 5 per cent. — the 5 to 
ti^ percent per annum; and so increasing the dividends in 
the same proportion that the saving bears to the capital. 

But the great importance of the saving of capital and the 
increased dividend is not altogether in the absolute value of 
either ; but exists, in a great measure, in the healthier action 
which they carry with them — in the greater confidence given 
to the capitalist seeking investment — and in the consequent 
execution of additional works — in the increased employment 
of the engineer, the artisan, and the labourer — iu the greater 
accommodation given to all mercantile and travelling classes 
of the community, and to the thousands of improvements 
inseparable from the mor(! rapid extension of railways over the 
world I 



ANNUAL GENERAL MEETING. 



B. D, 



[Tueaday, Octobor 16th, 1855.] 

, GIBBONS, Esq., In the Cbalr. 



William Eaton Orii, Esq., C. E., Londonderry, candidal 
for admission into the Ini^titute, was balloted for as a membel^' 
and duly elected, 

Messrs. Bower and Dickenson were requested to act as 
Bcrutineers of the ballot for the election of the members of 
council, and other officers, for the ensuing session. 

The annual report of the council on the proceedings of the 
Institution during the past session, having been read, was 
approved and ordered for circulation in the usual manner. 
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Mr. R. Mallet, member, then proceeded to explain the 
nature, peculiarities, mode of manufacture, and cost of his 
PATBMT BUCKLED PLATES, and illustrated his observations by 
a reference to one of the plates, and to a series of drawings 
which exhibited a variety of the uses to which they were 
being applied at the present time, among which wer6 mentioned 
for the floor of New Westminster Bridge, London— for fire 
proof floors of warehouses, &c., both simply and in combination 
with heating and ventilating contrivances, and for the Heligo- 
land huts. In the course of his remarks, Mr. Mallet pointed 
out the advantages he believed the buckled plates possessed 
over the corrugated iron sheets, and stated, in general terms, 
the theory of their strength. 

In the discussion which ensi^, Mr. Hemans, Mr. Gibbons, 
and other members joined, a very favourable opinion appearing 
to be entertained of the merits of the invention. 

The ballot having been closed, the scrutineers reported 
that die following gentlemen were duly elected to fill the 
several offices for the ensuing session: — 

^rtsxbtnt: 

RICHARD GRIFFITH, Esq. 

Vitjt-^rtstbtnts: 

G. W. HEMANS, Esq., CHARLES VIGNOLES, Esq., 

M. B. MULLINS, Esq. 



SAMUEL DOWNING, 
BARRT D. GIBBONS, 
BOBERT MALLET, 
B. HARDING, 
PABEJS NEVILLE, 



WELLINGTON PURDON, 
SAMPSON CARTER, 
JOHN NEVILLE, 
JOHN HILL, 
R. H. FRITH, ESQSS. 



SSttrttarg: 

ALEXANDER TATE, Esq. 
THOMAS BRAZILL, and EDWARD RUSSELL, Esqbs. 



3ft PnOCBEDINOS OF THE IN8TIT0TION OF CIVIL BNGINBBRS, 

[TdBBdny, Not. 13th, 1865.] 

RICHARD GRIPPITn, Esq., LL.D., President, in the Cbaii. 

Mr. S. Dowhino, member, exhibited and explained Profes- 
sor Willis' apparatus for showing the greater deflection of 
girders under rapidly passing loads, than when acted upon 
hy equal loads moving with small velocity, and satisfactorily 
manifested this result by the experiments made in the presence 
of the meeting. 

Mr. Hemans, V.P,, mentioned his opinion that the expert 
ments just made ought not to be considered as conclusive as 
regards compound girders, and stated his belief that in prac- 
tice the deflection is found to be less at high velocities — as an 
instance of which he referred to trials (lately made by him in 
company with Colonel Wynne, upon a bridge on the Longford 
branch of the Midland Great Western Railway, the span of 
which was 60 feet), which justify this opinion. He likewise 
stated he had found analogous results upon other occasions, 
and was aware that the opinions he entertained were likewise 
held by many eminent members of the profession. 

It was remarked by Mr. Mallet that experiments of a 
similar character to those exhibited had been made upon a 
more extensive scale by Major James in the Portsmouth 
Dock-yard, in one of which the girder acted on was an ordinary 
railway bar, and that in every instance the results obtained 
were of a similar class to those exhibited. 

The President observed, that in order to decide a question 
of so much interest and importance, it would be very desirable 
if an opportunity were obtained for having a scries of experi- 
ments, carefully conducted under the auspices of the Institu- 
tion, upon some suitable bridge on one of the lines of railway. 

En consequence of this suggestion, Mr. Hemans volunteered 
to aflbrd Mr. Downing the means of having such trials as 
might be necessary, made in conjunction with him. 



i 
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[9th January, 1856.] 

RICHARD GRIFFITH, Esq., President, in the Chair. 

On the Physical Cause of the Increased Deflection 
OF Girders or Bridges, exposed to the Transverse 
Strain of a rapidly passing Load. 

By Robert Mallet, Esq., Member. 

The fact of such increased deflection was established long 
since by the experiments of Captains James and Galton, R.E., 
and by Professor Willis, in connexion with the Commission 
of Inquiry as to the use of iron in railway structures ; and the 
latter gentleman has founded some elaborate investigations 
upon the results, but of a character too abstruse to be of 
much practical application. 

To M. Morin, the author of so many important investiga- 
tions in physics, seems to belong the credit of having first 
pointed out, in a clear and distinct manner, the true cause of 
the phenomenon, and by a rigid discussion of the English 
experiments with theory, proved the entire trustworthiness of 
the latter, as well as the general correctness of his own 
views. 

M. Morin has shown that in any beam or girder, or any 
bridge whatever, in which any deflection, however small, is 
produced by the transverse strain of a stationary load, at the 
centre or other point of its length, the same load will produce 
a still greater deflection, if transferred rapidly from end to end 
of the girder. 

That this increase of deflection is due to centrifugal force, 
the path in space of the moving body being not in a right line, 
but in a curve concave towards the earth, and that the increase 
is greater as the original statical deflection is greater. 

In the case of a body constrained to move in a circle, and 

d 
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exposed to a tangential force, the centrifugal force /, or that 
in the normal, is 

f-y (1) 

p being the radius, substituting the height due to v^, 

/=2^* (2) 

and in relation to the force of gravity, dividing both sides 
byy. 

^ 9^ P 
For these we may substitute the expressions 

9 9 9 

To connect this with the case of a moving load, constrained 

by a curved surface, of which any small portion may be viewed 

as a circle — the elastic curve not differing thus sensibly from 

it — we require the value of p for the static or fixed load, and 

the centrifugal force /in terms of it. 

Poncelet has shown that in the case of any beam fixed at 

one end, and exposed to a strain perpendicular to its length at 

the other end. 

e being the coefficient of elasticity of the material — I the 
moment of inertia of the beam — P the load or strain — and C 
the length of the beam. 

But from the usual equation, the deflection of a beam sup- 
ported at both ends, and loaded in the middle, is 

== 3 — J- from which we obtain p-p = «— 

and substituting this in equation (4) we obtain the very simple 
expression for the radius of curvature due to the deflection, 
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wiiich shows that whatever be the transverse section of the 
beam, the radius of elastic curvature is equal to the square of 
lialf its length, divided by three times the static deflection at 
the centre. 

Now, as neglecting the weight of the beam, in relation to 
the passing load, the centrifugal force / is given by equation 

(3) = ; and substituting therein the value of p in equation 

(5). The expression for the force in the normal becomes 

But P = the static or stationary load : hence the total effort of 
the same load in passing along the curved line of the beam is 

F = P-f|c^P« (7) 

M. Morin applies this equation to the discussion of the 
experiments at Portsmouth of James and Galton, in five 
extensive tables; and as in some of these experiments the 
velocity of the passing load was extended until fracture of the 
cast iron beam took place, he shows, that if the true cause of 
the increased deflection be centrifugal force, then in all cases 
of fracture the value of F above must exceed that of R, the 
mean coe£Scient of rupture due to transverse strain on cast 
iron, which he takes at R = 32441000 kilo, (in accordance 
with the results of Mr. R. Stephenson's experiments), and on 
comparison he finds this actually to be the case, as well as a 
very strict coincidence between the experimental and calculated 
values of the other terms. 

That the value of f is such as to be able easily to account 
for the facts, he illustrates by noticing that in some of the 
extreme velocities tried, 

/is greater than 2 P, 
or the centrifugal force more than twice the static load — and 
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hence the same beam was broken under loads smaller J 
smaller, as the Telocity was increased. 

The influence of centrifugal force, therefore, as affet 
horizontal structures exposed to rolling loads at high reloci 
is in ail cases incontestable; for in all cases with any f 
load, however applied (even the weight of the structure il 
there must be some deflection. 

The other conditions which afl'ect the result, and some^ij 
appear to mask it, are, the weight or inertia of the f 
itself, and its length in relation to v — i e, the time given | 
its bending under the rapidly passing load. 

This increased bending or deflection takes place during^] 
passing of the load, and the effort producing it takes ti 
be transmitted to the beam : hence, the point of maj 
deflection occurs not at the centre, but beyond it, in advt 
or in the direction of the passing load, and there it is 1 
fracture occurs. When it occurs in several points, appar^ 
at once, the beam is broken in several places in such i 
succession that its parts have not time given to separa 
observable intervals ; perhaps this effect of the shortenin) 
the time of action with increase of velocity explains why Jl 
that in the experiments made, the increment of deflf 
actually diminished in some cases, in place of increasing beyj 
a given limit of velocity. 

The practical conclusions to be deduced arenotunimportd 
It follows, that the stiffer and the more elastic any raitil 
girder or other bridge is, the less its deflection with its o 
weight, and any load at rest upon it, the smaller will be \ 
disadvantage of the increased strain due to a load at ] 
velocity passing over it. 

That a high coeSicient of elasticity, such as is obtained f 
the use of wrought iron, is of much more value than 
weight in the structure. The effect of the inertia of c 
due to the latter being to aggravate the evils produced by K 
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centrifugal force, although the primary effect of the inertia of 
rest must be to lessen the extent to which it can act in a given 
time of transit. 

The equations (3), (G), and (7), show that the increased 
pressure of a given rolling load upon any girder bridge 
structure, increases as the square of the velocity, and inversely 
as the radius of curvature, so that the increased distress upon 
every structure along a line of way produced by the passage 
of an express train over that of a Parliamentary train of equal 
weight and length is in round numbers about \x.%four to one. 

Where the total load is applied uniformly over the whole 
length of the girder at once, as when it is loaded witli engines 
or carriages, first at rest and then rapidly run over, the effect 
of the increased deflection is greatly masked. For, first, tlie 
static deflection due to a uniform load is to that of the same 
load applied at the centre only, as 5 : 8. Secondly, the normal 
forcey*acting always strictly in the direction of the radius /», 
when the girder is loaded all over at once, these forces at 
different points, in a certain degree, act against each other. 

The views which have been thus enunciated, also fully 
clear up the apparently contradictory phenomenon (which as 
a fact seems pretty well confirmed) that the experience of 
skaters shows them they can most safely traverse thin and 
unsafe ice at high velocities. Here the beam or plate is loaded 
at one point, but it is supported from below at all points by 
a fluid, whose relative moment of inertia is enormous, and 
which requires a considerable time for its partial displacement. 
Moreover, the unloaded ice is an absolute plane. There is 
no static deflection due to its own weight; hence the only 
deflection possible is what can take place during the momentary 
passage of the skater ; and if he passed in an indefinitely 
short time, there could be none at all. 

Professor Willis in his preliminary dissertation (^Application 
of Iron to Railway Structures)^ distinctly alludes to the pheno- 
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meDon of increased flexure by rapidly passing loads, as one ^ 
'* which the effects in question are analogous to the centrift 
" action of bodies moving on curves," p. 187, and again allw 
to this in pages 193, 212, and 213; but he nowhere very 
clearly enunciates the view that the question may be treat ed 
as a case of centrifugal force; nor attempts to do so. 

He endeavours to find the trajectory of the curve overifl 
flexible beam, from the differential equation of motion, 



d^ 



ffa 



,,y 



in which x and y are an ordinate and abscissa of the curve, 
a=ithe half length of beam, S=:the central static deflection, 
and V=the velocity of rolling load. 

This equation by certain artifices Mr. Stokes has succeeded 
in integrating — reducing the constants to a single one, which 
he calls j3, and whose value is 



eded I 
hicb i 



and in this way Mr, Stokes has given solutions for the problem 
in its two extreme cases, namely, where the mass of the bridge 
is neglected with respect to the rolling load, and where the 
mass of the load is neglected with respect to that of the 
bridge. 

Neither case, however, occurs iu practice, the motion of the 
bridge itself, and that of the rolling load, being always mixed 
up in the total effect produced on the structure. As the 
constant ^ increases in value, the increment of rolling deflec- 
tiou in the first estreme case diminishes ; and in the second of 

the two cases this increment is measured bv the fraction -5— 

of S, the static deflection, the value of q being =2?r-p-iD 
which P is the period of one complete oscillation of the bridge 
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from rest to rest, and r the time in seconds that the rolling 
body takes to travel over the bridge. 

Assuming, then, these fractions to represent the separate 
effect of the inertia of the bridge and of its load, and their sum 
the total effect ; Professor Willis calculates the increment of 
static deflection due to each, in the case of certain of the 
experiments made, and finally calculates a table in which such 
increments are given for each, and for both conjointly, on the 
supposition that the weight of the rolling load and that of the 
bridge are equal, a supposition not very far from the fact in 
many cases. 

This table, "rough and empirical," as the distinguished 
author of the paper is content to term it, is sufficient to show 
that in some cases of practice the phenomena cannot be 
neglected, for that when the value of ji is =5 the minimum 
tabulated, the increment of total deflection may more than 
equal the whole static deflection, which in short and weak 
bridges traversed at high velocities might be very serious. 

The treatment of the whole subject by Professor Willis is 
characterized by the clearness and ability that belong to all 
his workss but aiming at that perfection and generality that 
alone satisfies the desires of the mathematician, he has a good 
deal in his paper past the usual range of practical men, and 
by consequence his valuable investigations have been little 
studied by engineers, and seldom understood or fully mastered. 
This has greatly lessened the practical value of the results he 
has arrived at. 

As the author of this paper found that doubts were expressed 
by some Members of the Institute at a former meeting, of the 
reality of the phenomena of increased deflection by rolling 
loads, and that the principles upon which the occurrence of 
such increased deflection in structures of whatever sort, exposed 
to transverse strain and moving loads, are proved to be 
inevitably necessary, did not appear generally known, he 
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deemed that a brief notice, in an elementary form, 
be unacceptable. 



)rtaiit mein^^ 



NOTB. — The reader'* Httention is directed to the highly importaiit D 
which haa appeared recently in the 7th vol., 6th Banes, of the ^nnaiai daHirt--^^ 
opon this Buhject, by Mr. M. E, Phillips, Eng. des Mines, enUtled " ChIcdI ^ 
U reeifftuice dos pontres droites, tuUes qae les pontB leg Bails de soob I'u 
d'nDe chargir >i 
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[0th April, 1856.] 

RICHAKD GRIFFITH, Eari., Pmideut, in tlie Chwr. 

On the Maintenance of Macadamized Roads. SequelJa 

Paper read before the Imtitution of Civil Ei^ineers of 

Ireland. 

By JouN Hill, Member. 
The cbai^e of tbe Commissioners of Public Works in Ireland, 
of the Roads in the Central District, together with 
similar Roads, was determined by the l6tli and 17th 
cap. 136, and ceased on the Idt July, 18S4. 

The system of repairs previously described, was continued 
in the central district, and the roads maintained id satisfactory 
condition up to the time the charge of the Commissioners ceased. 

As it appears to me tbat the only possible objection to the 
general adoption of such a system for the maintenance of 
roads, is its apparent excessive expense, I have prepared a 
table of the cost and rate per perch of the roads trom 1843 to 
1853 inclusive, being the period they were under my superin- 
tendence. 

During the years 1843 to 1845 the works of improvement 
and reconstruction were in progress; in 1847 the operations 
were affected by the general derangement consequent on tbe 
famine and relief works, but in the latter four years the 
expenditure settled to something near the average at whicb 
tbe road- nouW be maintained ; if the same circumstances 
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utinaed, the cost would have somewhat diminished, as they 
ere continually getting more substantial in the crust, and the 
orkmen more skilful, in taking precautions for the repair of 

e weaker portions. 

It is but fair to state that the roads were not situated, so as 

give such a system of repairs a perfectly fair trial; from 

^cing in irregular detached pieces, they could not be divided 

^Xito the most economical lengths for overseers, and were 

^2ceedingly inconvenient for superintendence; extending 70 

^les in one direction, from Loophead to Kelly's Mills, near 

I'ortumna, and 60 miles in another, from the shore of Galway 

Bay to Robertstown, in the county of Limerick. 

The roads in the county of Clare came into my charge as 
Surveyor under the Grand Jury Act, and preparatory to the 
cessation of the Commissioners' charge, I had them arranged 
in lengths to suit contractors of moderate capital, similar to 
the other county roads, made applications for presentments to 
the several Baronial Sessions, at rates 30 per cent, higher than 
the expenditure under the Boards which were granted and 
advertised for in the usual manner; but 68 miles, and those of 
least importance, were taken at these rates, leaving 86 miles 
without any arrangement for maintenance. At subsequent 
Sessions I was obliged to make application at much higher 
rates, to induce contractors to undertake their repair. 

The Surveyors in the counties of Limerick and Galway 
made similar arrangements for the maintenance of the roads ; 
io the latter county they have been contracted for at about 
the same rates at which they were previously maintained, but 
in Limerick and Clare the cost of maintenance is seriously 
increased. 

I am of opinion that if continued under the same system as 
adopted by the Commissioners, an addition of 30 per cent, 
would more than cover the increased cost consequent on the 
rise in wages that has taken place in the district. 
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The Toad between Limerick, Askeaton, and Robertstown, 
cost, on an average of six years, 12$d. per perch ; it is now 
let on contracts for five years as follows : — 

Barony of Pabble Brien, 1,081 perches, 2b. 8 Jd. per, £146 7 8 

Kenry, 2,243 „ Is. 8d. „ 186 18 4 

Lower Connelloe, 1,743 „ Is. 7d. „ 137 19 9 

Shanid, 453 „ Os. 6Jd. „ 12 14 9} 



9f 



Total, . 5,520 Average, Is. 9d. £484 6} 

being an increase of nearly 75 per cent. 

In the county of Clare the contract on the roads is as 
follows : — 

EzmiB and Gmslieen cost, under the Board, Is. 3d. Present cost. Is. 6d. 

Enms and Kilrush — 1st portion, „ Is. Id. „ la. 6d. 

„ 2nd portion, „ Os. lOd. „ Is. 6d. 

Kihnsh and Monntrivers, „ Is. 4d. „ Is. 8d. 

The remaining roads of the Central District are mixed up 
with others in contracts, and divided so as to make the com- 
parison difficult; the roads of little traffic are let at rates 
similar to the former cost, in general slightly increased, so that, 
as remarked in the former paper, the economy of the system 
is most apparent in the roads of heavy traffic. 

Although but so short a period since the Commissioners' 
charge ceased, the condition of the roads under my own 
superintendence as County Surveyor has been seriously 
deteriorated, and I have reason to believe that a similar 
deterioration from their former order has taken place in the 
other counties. 

When the improvements formerly detailed were completed, 
and the operations settled into a regular system of maintenance, 
the arrangements were, that each ganger was alone employed, 
during the summer, on his district of from four to six mUes ; 
additional workmen were added, beginning in October with 
one, and increasing as the winter set in to four or five in the 
beginning of December, which were generally continued till 
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the end of February, tben gradually reduced as the wea 
unproved, till the end of A]DrJl, at which time 1 found, 
average of years, the extra workmen could be dispensed win 
The overseers had authority to Increase the number j 
labourers only in case of emergency ; in some instances, i 
motives of economy, the increase of workmen in the cod 
mencement of winter was delayed too long, in every one I 
which I found the roads of heavy traffic got into such a 
that no amount of exertion or expense, within reasons] 
limits, could restore them to a satisfactory condition, until ^ 
return of dry weather. 

In the operations of cleaning and applying materials, 
object endeavoured to be attained was of the nature i 
precautionary or preventive measures, more than of remedid 
.and I believe this to be the foundation of a good system ( 
road maintenance. Such, it is obvious to me, cannot 1 
attained under a system of small contracts, such as are enjoin 
under the present Grand Jury Laws in Ireland ; if the modi 
of economy operated injuriously on those not directly interests 
in a pecuniary sense, how much more injuriously it must: affflf 
the operation of a contractor is very apparent, 

On roads of much heavier traffic than any of those befq 
alluded to, 1 am convinced that operations of the naCti 
described, pursued vigorously, would effect greater imprcn 
ment, and be attended with greater comparative econom 
and it is to be regretted that on the roadways of many of t 
cities and large towns in Ireland, where the municipal laws dr 
not trammel the operations in the same manner as the fiscal 
laws do in the counties, that more skilful and effectual 
measures are not adopted for their maintenance. I have 
observed the application of heavy coats of broken stones, of a 
large size, spread at a season, and applied in such a manner, 
as to be a serious obstacle to the traffic, and must of a necessity 
be nearly worn to atoms before consolidation took place. 
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furnishing the enormous quantity of mud and dust that after- 
wards is so slowly and ineffectually removed: even when 
materials are applied at a more suitable season, there is neither, 
what appears to me, proper preparation of the old surface, nor 
any attention paid to expedite the amalgamation of the old 
and new material, or other measures for the consolidation of 
the surface. The operations for cleaning seem to be inadequate 
and very defective. That such should be the case in the 
midst of the most intelligent and refined portions of the 
population, is very much to be regretted, and is naturally a 
subject of discontent and complaint. 



ADDRESS OF G. AV. HEMANS, ESQ., 

PRESIDENT, 

TO THE 

ORDINARY GENERAL MEETING, 

Decebibeb 9th, 1856. 

'•-'.'•^ • -■^»" • '' ." ■." 

Gentlemen, 

I appear before you as President of this Institu- 
tion witb considerable diffidence, as I believe that the election 
might have fallen on more than one individual of our Society 
better suited to the post of honour. Connected, as I have 
been, for some years past with the construction and laying 
out of railways in different countries, my time has been so 
absorbed in the business of the hour, that participation in the 
more abstract investigation and studies incidental to our 
profession has been almost impossible ; the attendance, even 
at scientific meetings, has been very little in my power, and 
for these reasons, I hope for yonr indulgent view of my 
performance of the duties you have chosen to appoint me to do. 



M 
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Succeeding to men of so much eminence as your I 
Presidents, General Sir J. Burgoyne, General Sir 
Jones, and Mr. Grifiith, I cannot expect more than 1 
may be my good fortune not to see any deterioration o 
position of this Society during my occupation of the t 
To these distinguished men, supported by the County i 
reyors, the first existence of this Institution has been ( 
and to their continued support we have hitherto owed i 
the want of an adequate number of professional men res 
in Dublin has not proved fatal to our Society. I may tn 
fore, I trust, take this opportunity of expressing in the e 
of all, our sincere and cordial thanks and best wishes to| 
three late respected Presidents. 

It has not been hitherto the custom to deliver an anndi 
address from this chair, but we bave precedents in other 
Societies where it is usual to pass in review such general 
objects of interest to Members as may be before the public, or 
likely to be brought forward. Some allusion to our private 
and professional interests as a Scientific Institution, and as 
Members of a wide spread, and not unimportant body of social 
labourers, may also be allowed. One object of all such 
Institutions as this, next to tlie inquiry after scientific truth, 
should be to cement firmly, by friendship and union, to 
elevate and dignify the profession of which its Members are 
composed. 

It appears to me that, great and useful as the profes^on of 
a Civil Engineer may be, it is still much in want of organiza- 
tion, of recognized position among the higher professions, of 
definite unmistakeable claims or attainments, which, properly 
established, should be as much a passport to respect in social 
life, as the well-known insignia of other professions are sup- 
posed to give. I am well aware that this is perhaps a dangerous 
and delicate topic to touch upon, that many of our greatest 
and most successful men have almost by accident become 
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Eng^eers, and have been entirely, and sometimes irregularly, 

self-taught. But it is not for these powerful and shining 

lights that I speak ; such minds will, in any position, break 

their way to respect and fame — I speak for the ordinary but 

large class of less distinguished men with good talents and 

indostry, and in every way qualified for the practice of our 

profession, but who are sometimes embarrassed and injured by 

the crowding of unqualified candidates for the style and 

practice of Civil Engineers. To legislate on this subject 

might be, as some imagine, to impose fetters on free exertion 

and merit. I am not quite of that opinion, but I feel 

convinced that much might be done by Associations such as 

this, if sufficient efforts be made among ourselves, to maintain 

them at a high standard so as to command public respect. 

To he a recognized member of a professional Society, whose 

transactions give proof of ability, ought not to be without 

some weight in the competition of life, even though the law 

may forbid no one to enter the lists, whether so authorized or 

not. 

I think I can observe in the sister country a growing 
tendency on the part of the public to treat with more respect 
professional opinions emanating from known Members of the 
Institution, as compared with those of other persons, and I 
believe that is precisely the kind of encouragement the profes- 
sion most requires. 

But if a connexion with a professional society is to be con- 
sidered desirable for the marked and respected position it is 
supposed to give, two things become indispensable : — 1st. 
The Society must be eminent itself. 2nd. The Candidates 
for Admission must be in some manner carefully tested before 
Election. It is of course quite possible for a large body of 
Engineers of considerable merit to exist and practice in a 
country like this, without any Society to support or encourage 
them, but if they do establish one at all, it is some reflection 
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on them, if it be in any way below a respectable stanffl 
All that is needed is a sufficient number of monthly 
tions in the shape of papers, to secure an interested audience^ 
but in this essential point we are, I fear, deficient; and yet 
there is certainly no want of Engineering Works in the 
country, an accurate account of which would be both interest- 
ing and instructive. It would be easy to enumerate many 
such, and if any of our Members refrain from sending com- 
munications under the impression that they may not prove of 
sufficient interest, I would earnestly impress it on them, that 
such diffidence is quite misplaced. If a sufficient number of 
papers be sent in, the Council will be agreeably engaged in 
selecting the most worthy, and none are likely to be rejected 
wMcb contain accurate practical records of any Engineering 
Work- In the English Institution, every Candidate for admis- 
sion is obliged to communicate a paper — this practice has 
produced many good pages in the transactions, and I think it 
worthy of imitation here. 

In referring to the works which have lately been carried on 
in this country, and with which I am best acquainted, it is 
difficult to avoid following the example of the distinguished 
President of the London Institution, in making the railways 
the principal theme of his address. 

Other works of importance have been and are still in 

. progress, under the guidance of some of our Members, such 

**' those at Kingstown Harbour, and on extensive drainages, 

^r^rial and surface ; but we are much in want of printed 

a of these works, and in point of outlay and variety of 



practii 
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'Hv afford less 31 



e for remark. 



Smce the <-nmpietion of the Shannon drainage and naviga- 
tion, there has i,^^^ ^^ ^^^^^ bridge built in Ireland unless 
for railway purp^ggg_ i j,^, therefore in a great measure 
restricted to subjei^^ ^},j^,jj ^^^^^ y^^ already well known to 
most of us, althougi, ^^j perhaps collected in the manner I 
propose adopting. 
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The construction of railways in Ireland on a general scale 
may be said to have fairly commenced in 1840, when the 
Dublin and Drogheda line was in progress. It is true, that 
the Dublin and Kingstown, and the Ulster Railway were 
both then in existence, but the regular tide of railway works 
had not set in until the above mentioned date. 

We now find at the close of last year a sum of, in round 
numbers, £14,165,000 sterling, raised and expended on Irish 
lines, representing a mileage of 987 or say 1,000 miles, and 
an average cost of £14,165 per mile, including all sources of 
outlay. At the same period the capital authorised to be 
raised was about £19,000,000, and as it is probable that all 
accounts for constructed lines were not settled at the close of 
the year, it may perhaps be safely estimated that the actual 
outlay on the 1,000 miles open at that date was about £15,000 
per mile. 

Of the whole length, 580 miles, or rather more than half, 
was then open as single line of way. 

In England at the same date, there were open 6,218 miles 
of railway, of which 1,345 miles were single. The correspond- 
ing capital expended was, in round numbers £238,600,000= 
£38,300 per mile, or probably, on the same principle as above 
estimated for Irish lines, about £39,000 per mile. The 
English traffic has therefore apparently required 4-5ths of the 
length of their lines to be double, while in this country less 
than one-half of the total length as double line has been 
sufficient; nor is this to be wondered at, when we consider 
that the average traffic in England, is about £50 per mile per 
week, in Ireland about £20 per mile per week. But with the 
lesser traffic we have here a still smaller proportion of outlay, 
and the general result is so far favourable, that the average 
net income was in Ireland 4*03 per cent., in England 3*85 per 
cent. In England working expenses had borne the proportion 
of 48 per cent, to receipts, in Ireland only 41 per cent. 
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The moderate proportion of expenditure to gross receipta 
in this country would be surprising, when we consider the 
increased cost of coke in Ireland, were it not accounted for 
by the immunity we enjoy from the passeuger tax, which is 
an impost amounting to about 7 per cent, on the receipts of 
English railways. From the above statements, which are 
principally derived from the useful and able returns of the 
Board of Trade, it will be seen that we have reason to be 
well satisfied with the results of our capital and labour 
expended on railways in Ireland^ The works are not 
generally of the magnitude and grandeur which characterise 
many of the English lines, but nevertheless there are sevend 
points of considerable interest, and which have not, I regret 
to say, been brought before this Institution. 

The Boync Viaduct, so ably conducted by Mr. Barton, 
under Sir John Macneill, The Tunnel through the Slate 
Works, at Cork, and the Bridges over the Shannon and 
Lough Atalia, on the Midland Great Western Railway, are 
some of the many works quite worthy o£ a place in our 
records. 

I have ordered copies of the drawings of the two latter, 
with short descriptions, to be prepared and presented to tlw 
Institution. 

There is no doubt that Railway Engineering may to a 
great extent be looked upon as a speciality, and it would not 
be desirable to get into an exclusive routine of railway 
discussions, but I am of opinion, that considering the large 
capital in regular progress of expenditure, and that great 
variety of practice prevails in constructions of so much im- 
portance to the public, it would be highly desirable to invite 
and attract to us a few more of the Railway Engineers, and 
to endeavour to obtain from them the fruits of their experience 
and the communication of their proceedings. 

There is one topic connected with this subject which I 
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cannot refrain from touching on, becaose I believe it to be of 
great importance to the progress of this country. I mean the 
system by which it is proposed to promote the construction 
of new lines in the less populous districts, under the stimulus 
of voluntary guarantees on the capital to be advanced; these 
consisting of rates-in-aid to be levied on the counties or 
baronies traversed, in order to secure a minimum dividend to 
the Shareholders in the undertaking. Nothing appears to me 
to be more legitimate and reasonable than such a proposition, 
provided the lines sought for be well laid out. A considerable 
agricultural district, not wealthy enough to show traffic 
sufficient to invite a speculative company, finds itself im- 
measurably thrown into the back ground by more fortunate 
neighbours, when competing to supply the great marts of 
export trade. They have no existing streams of public con- 
veyances, no minerals, no manufactures to adorn a prospectus, 
but every farmer knows that with a railway to carry his cattle 
and grain to market, his gains will soon so much improve as 
to make a temporary payment to a company in lieu of all 
these things, a positive advantage to himself and his county, 
and if, with this conviction he voluntarily comes forward, and 
asks to have such a rate imposed, what hardship can there 
be in acceding to his request. Most foreign countries have 
advantageously adopted the guarantee system, and we ourselves 
are making vast use of it in India. Why should rates be 
more improper for the support of railways than for county 
roads, for the supply of gas, water, or for drainage ? There 
seems to be but one difference, and that is the great alarm felt 
by some persons lest undue speculation should be encouraged 
by granting the principle of county rates. Suspicions are 
thrown out of a general conspiracy on the part of Contractors, 
Engineers, Solicitors, ^^et hoc genus omne^ to entangle the 
whole country in a mesh of guaranteed lines by which they 
only are to profit. But will this cry bear investigation? 
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Have any Engineers or Solicitors in Ireland made laff 
fortunes by railways ? Of Contractors I do not speak ; 
coming forward as capitalists they have a right to make the 
most of their money, but there is little doubt In my mind that 
if the account could be squared, the country at large would 
be greatly the gainer by any profits Contractors are supposed 
to have made in Ireland. 

I will now leave my professional speciality to turn to 
subjects of more general interest. More than one scientific 
and practical problem, of the highest moment, awaits solution 
in the coming year of 1857. These are such as we must all 
watch with attention, as on their success vast additions to the 
welfare of social life will depend. 

The first in order is the Grand Atlantic Telegraph, now 
confidently brought before the public. Thanks to the 
liberality of the United States Government, an accurate line 
of minute continuous soundings has been carried across the 
ocean from the coast of Newfoundland to Valentia, the nearest 
point on the Irish coast, in the County of Kerry; Lieutenant 
Maury, of the United States Navy, the conductor of this 
investigation into what he terms " the pliysical geography 
of the sea," has published a very interesting account of his 
labours. 

His discoveries establish " ■ ■ ■- — — stretching away in a 
direct line from St. John's, Newfoundland, to the Bay of 
Valentia, on the Irish coast, a vast sub-oceanic plain, which 
is situated in the line of nearly absolute rest of the waters of 
the Atlantic, the bed of which has been shown by the 
specimens obtained on sounding, to consist throughout of the 
most minute microscopic shells, which, from their delicate 
organism, and the perfect state in which they are found, prove 
the utter absence of all motion in the water surrounding 
them." To use the words of the highest authority on the 
subject — "This plateau is not too deep for the cable to 
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'^ down and rest upon, and yet not so shallow that currents or 
*^ icebergs, or any abrading force can derange the wire after it 
" is once lodged upon it." 

The soundings of the ocean along this plateau gradually 
increased from 1,000 fathoms to 2,070 fathoms, or about 2^ 
statute miles deep. 

The ingenious apparatus by which these soundings were 
taken, has been drawn and described in the Illustrated London 
NewSy dated 13th September, 1856. 

The principal feature is the contrivance by which the 
sinking lead, useless when it has attained the bottom, is there 
disengaged from the machine, carrying small tubes or quills 
which bring above water the materials composing the surface. 
England has already six sub-marine cables to the adjacent 
coasts. The cable which united Varna to Balaklava, in the 
Black Sea, was more than 350 miles in length, and was laid 
without difficulty; but being of a very light construction, it 
unfortunately broke after having been several months in use. 
The cable proposed to unite America and England will be 
extremely strong and pliable; it will contain seven strands of 
twisted wire, enclosed in gutta percha, and will be covered by 
a complete casing of iron armour. It is proposed to employ 
two steam ships in the submersion, each laden with half the 
cable, and that they shall proceed together to a point half- 
way between the two coasts, the total distance being 1,640 
miles. The two ends of the cable having been carefully 
joined together, the vessels will proceed in opposite directions, 
one towards Ireland, the other towards Newfoundland, uncoil- 
ing the cable and exchanging signals through it from time to 
time as they proceed. By this method, each ship will have 
only half the whole distance to traverse, and the greatest 
depth and difficulty will be encountered first ; hence, should 
any accident occur, it can only involve the loss of a few miles 
of cable, and the difficulties will diminish every Koui. \\.\s 
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expected that tbe operation will be completed m about ( 
days from the time of commencement. 

The power of transmitting the electric current to f 
distance, has been recently proved by experiments on 1,125 
miles of similar wire laid on land. It is estimated that eight 
to ten words per minute may be sent, or 14,000 words per 
day. As it requires at present at least three weeks to com- 
municate to and from America, the results of this grand 
operation, if successful, will be most striking. 

The estimate for this magnificent project is only £350,000. 
It would be unjust to omit mention of the names of Lieutenant 
Maury, Professor Morse, Mr. Cyrus Field, Mr. J. Brett and 
Mr. Bright, some of the chief promoters of the project. 

The next great experiment we shall hope to witness in the 
coming year, will be the starting of the splendid steamship, 
" The Great Eastern," now building at BJackwail by Mr. 
Scott Russell, under direction of Mr. Brunei. This immense 
vessel is built in two complete shells of wrouglit iron boiler 
plate, I inch thick, an inner and an outer shell, united 
together in a cellular manner by webs of inch iron. She is 
680 feet long, 83 feet beam ; total depth, 60 feet ; tonnage, 
22,500, and for cargo, 18,000 tons; 2,000 H. P. nominal; 
diameter of paddles, 56 feet ; diameter of screw, 24 feet. She 
will have 10 boilers, and 5 funnels, 7 masts; diameter of 
cylinders, {4 in number,) 74 inches. Anthracite coal is to be 
used. She is expected to go at the rate of 16 knots an hour, 
and to reach Australia in 33 days. Weight of iron used, 
10,000 tons; will carry 12,000 persons. The mode proposed 
for launching the vessul is as follows: — 

In constructing the foundation of the floor on which the 
fillip is being built, provision is made at two points to ensure 
sufficient strength to bear the whole weight of the ship when 
pleted. At these two points, when the launching has to 
be effected, two cradles will be introduced, and the entire 
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fabric will be lowered down gradually to low water mark, 
where, on the ensuing tide, the vessel will be floated off 
sideways. The estimated cost is over £1,000,000 sterling. 
This vessel will draw eight feet less water when light than 
when laden ; and great care has been devoted to the designing 
of the paddle wheels to meet this difficulty. 

The great impediment to the general use of such vessels 
must be the difficulty of getting harbours deep enough to 
hold them. The draft of the Great Eastern will be 28 feet. 
In the open sea the motion of such a huge bulk must be in 
the highest degree safe and equable, and even storms will be 
scarcely felt. The advantage of carrying all the fuel on 
board, and getting rid of the expense of sending coal thou- 
sands of miles to feeding stages, must be very great. What- 
ever be the commercial result, this ship cannot fail to be one 
of the wonders of the world, and its success ought to be 
ardently desired as an evidence of British enterprise. 

We have, on a smaller scale, an experiment of more imme- 
diate interest about to be commenced; that of a line of 
steamers between Eangstown and Holyhead, to complete the 
sixty-three miles in little more than three hours. This of 
itself wiU be no mean achievement on our stormy channel. 

I must now describe an invention as yet almost unknown 
to the public, but one of great merit, and if perfectly suc- 
cessful, destined to accomplish wonders. This is a tunnel 
cutting machine, invented by Captain Penrice of the Royal 
Engineers, who favoured me with an inspection of his designs 
on a recent occasion. 

The machine consists of a species of steam battering-ram, 
or immense piston rod, at the head of which a powerful 
wrought-iron cross is fixed, consisting of 4, 8, 16, or 24 arms. 
These arms are completely studded with diamond-shaped 
steel points ; and by an ingenious contrivance, at every blow 
on the face of the rock, a part of the revolution of the cross 
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is made; thus imitating the action of the boring to(d 
prepariog for a blast. 

The line of diamond-head chiseb o 
continually cutting near an edge of rock, which is much more 
advantageous than a blow ia the centre of a solid. The 
diameter of the excavation made is such as to include the 
whole of the machinery, which is on a wheel truck lying on 
riuls, and progressively follows its excavator. The progress 
is something like that of the Teredo Navalis, which is sup- 
posed to bore, with its horny bead, a hole large enough for 
the body to follow. The difficulty with a machine of this 
nature is, to temper the blow to the hardness of the rock 
which is to be cut, until the steel points will bear the re-action ; 
accordingly this is very cleverly done in the machine by an 
arrangement similar to that of the steam hammer of Mr. 
Nasmyth, and in very hard rock, a speed of 200 blows to a. 
minute, with a very short stroke, can be given. Ventilation 
is very well managed by the action of the waste steam, which 
is driven into a wooden conduit pipe, causing a strong current 
at the eduction near the mouth of the tunnel, and a consequent 
vacuum and return current within. 

The cylinder ia so managed as to keep a constant steam 
cushion behind the return movement of the piston, which 
movement ia thus effected. — On the forward blow the heavy 
mass is stopped by, and a recoU takes place from, the blow on 
the rock ; a differential pressure is then brought to bear on 
the reverse face of the piston, by means of a projecting ring 
giving an annular area for the backward stroke, in opposition 
to the circular area of the forward stroke. The moving mass 
is thus, to a certain extent, balanced between two steam 
cushions, the blow on the rock being the only jar. The 
experimental machine was made with a ram 5 feet in diameter, 
and it cut its way in sandstone, at Newcastle, at the rate of 
20 inches per hour, to a length of 80 feet, when it became 
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clogged for want of proper arrangements to remove the 
chippings. This is now proposed to be done by means of 
something like a dredging ladder, which will cast back the 
material under the wheels of the engine, whence it can be 
taken away on trucks. As a proof of the importance attached 
to this invention by practical men, I may mention, that Mr. 
Brassey is setting one of them to work at the difficult tunnel 
called the Hunenstein, through the Jura Mountains, where he 
has been entirely stopped by water at one end, and has no 
means of getting a drift to carry it off within the time allowed 
for completing the work. The directors of the Worcester 
and Hereford Railway are going to adopt it to cut a tunnel of 
13 feet diameter, in one operation, which, with the bottom 
levelled, is wide enough for a single line. The tunnel will 
run through the Malvern Hills ; and as the material is Sienite, 
the machine will be severely tested. The ram in this case 
will have 24 arms, and will, it is expected, weigh about 20 
tons. The very moderate sum of £10 per yard was allowed 
as the cost of executing this tunnel in the ordinary way, and 
the Company and inventor are to divide the saving, which the 
latter estimates at £3 to £4 per yard at the least. If this 
result be obtained, in addition to greatly increased speed of 
execution, this machine will effect a great revolution in rail- 
way works, and will make tunnels much cheaper than rock 
cuttings. Shafts will be scarcely necessary with this apparatus. 
It was intended to use it in sapping at Sebastopol, but the 
town fell before the machine could be made. 

While on the subject of inventions, Bessemer's process for 
the treatment of iron by combustion of atmospheric air, must 
be mentioned as one. the progress of which is exciting great 
interest as well as controversy. The economical use of the 
idea will be one point on which its success or otherwise will 
greatly depend. 

The above are some of the leading subjects "TjVada. o^^xxt \si 
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me as matters of interest to ua in the coming year. It would 
be impossible to attempt complete enumeration of great works 
either just completed or in progress in England, and on the 
continent. There is the Roquefavour Aqueduct, 200 feet 
high, in France; the Semmering Railway over the Alps 
in Austria, with gigantic works and gradients of unexampled 
steepness; Mr. Brunei's Wrought Iron Bridge at Saitash — 
consisting, besides several smaller ones, of two openings, each 
455 feet span — the girders being of wrought iron, and 50 feet 
deep — the centre pier on which they rest is built within a 
wrought iron cylinder, 37 feet in diameter, and weighing 300 
tons, sunk to the rock in the bed of the river — the foundation 
is 88 feet below high water mark — the roadway will be 100 
feet aboTe high water mark — weight of wrought iron, 2,650 
tons — total estimated cost, £162,000; Messrs, Gordon and 
Liddell's Crumhn Viaduct in Wales, on cast iron pillars 200 
feel high; the Victoria Tubular Bridge, 9,000 feet long, in 
Canada; the Railway Suspension Bridge, 800 feet in one 
span, at tbe Falls of Niagara — all these are works worthy of 
the most attentive study, and reflecting great credit on their 
conductors. In Ireland, there is just approacJiing completion, 
an exceedingly well executed and fine work — the New Grav- 
ing Dock at Ringsend. The masonry is of first-rate quality, 
the designs appear to be most carefully and ably made, and 
as the Engineer is one of our Members, we shall hope for a 
description of the progress of the work, and of the difficulties 
surmounted, which I believe were great. The steam pile- 
driving machine was extensively used, and a record of its 
merits as compared with the ordinary mode would be most 
interesting. 

A very interesting and difficult bridge at Londonderry, 
where a Railway and Public Road are to be carried together 
over an arm of the sea, on a stratum, consisting of mere 
alluvial deposit to a great depth, will probably be commenced 
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next year, and as the professiun has been invited to send in 
competition designs, it is to be hoped that an Irish Engineer 
may have the good fortune to be successful, and that a careliil 
record of its progress will some day reach us here. 

I have now to conclude this address by expressing my 
sense of the great compliment paid to me, by my election as 
President of this Institution ; my hope is that, during my 
occupation of the chair, we may succeed in keeping up an 
iutereat in our meetings and transactions, and that good 
fueling and harmony may prevail at all our discussions, so that 
our Society may really achieve its proper objects in the 
promotion of practical science, and in establishing and placing 
on tbe best footing the profession of " a Civil Engineer." 



[iOth Miireh, 1867.] 



ROBERT MALLET. Esq., Vioo-F reside nt. in the Chair. 



The Monster Contiiact System; its Influence on the 
Cost of Works, and the Position of the Engineer ; by 
John Bower, Esq., Member. 

In a paper on the auUject of single, compared with double 
railways, read by me in this Institute, 1 took occasion to 
refer to "The Monster Contract System," as being one of the 
causes of the increased cost of works; but, as it was the opinion 
of Council that the subject of the paper did not legitimately 
call for the discussion thus introduced, I consented to its 
withdrawal from the paper, as prepared for publication — not 
that I considered it foreign to the subject, but under the 
determination to discuss the question independently at a future 
time. 
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I HOW beg; to redeem the pledge then given, and in doing 
so 1 shall consider the system in the twofold aspect of its 
influence upon ike cost of works, and its effects upon the position 
and character of the Engineer and his prqfestion. 

That the cost of works is enhanced to an alarming extent 
by the " Monster Contract System," will be generally 
admitted ; but as there is an all powerful class of men, (the 
foundation of whose wealth has been that very evil) the 
proposition no doubt will be disputed, and many ingenious 
ways will be taken to explain away the differences which 
exist ; but the stubborn prices registered in deeds of contract 
(the meraoiiak of our dear bought experience) remain unaltered, 
and enable us to contrast the cost of each description of work 
as executed by railway contractors, with the cost of that kind 
of work executed under different circumstances of contract — 
to weigh such explanations, and to come to a just conclusion 
upon the subject. 

I have taken some pains to collect schedules of prices of 
railway works in this kingdom, as well as those of other 
works executed during the same periods of time, for the 
purpose of contrasting them with each other, but after great 
delay and disappointment I have been forced to abandon my 
expectations, and to proceed upon the small collection of 
schedules which the kindness and courtesy of a few friends 
have placed at my disposal. 

Copies of these are now added iot reference, by way of an 
appendix, but I shall not inflict them upon this meeting. 

I shall, however, take leave to quote from them a few of the 
principal items of cost, and compare them with similar items 
in other contracts. 
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From these figures it will appear that the average cost of 
earth excavations in railway work executed in this country 
may be taken to be lOd., whereas the average cost per cubic 
yard is, on county road contracts, G^d. 

TIlis difference is great, and in itself would form an immense 
saving upon the cost of Railways if the earth excavations in 
them could be executed for 6id. per cubic yard. To this, 
however, must be added the siun due to the additional average 
lead which always has to be encountered. The average lead 
on public roads of the best construction being not more than 
one third of that in ordinary Irish railways. The former may 
be taken at 300 yards, and the latter at 900 yards. 

Taking Sir John Macneill's estimate of the cost of haulage 
per cubic yard, to be correct, (see " Tables for Calculation 
of Earth Work") we arrive at the following figures : — 

Total cost of one 7ard of oxcavB^on, as per avengs of 
SoliadnJes of County work, 



Deduct ooBt of haulage for 300 jarda, 
Coat of getting, filling, and teaming, 
Add to this the cost of hauliug 900 Tarda, 
Per cubic yard. 



Sid. 

aid. 

8id. 
4|d. 

S|d. 



This is the f<ur value of one yard of excavations with the 
half mile lead, and this is the cost at which railway excavations 
in earth should be made under the circumstances stated. 

In rock excavations the difference is much greater. Thus, 
the common price per cubic yard in a slate country (Cork, 
Dublin, Monaghan, &c.) has beeo from 2s. to 2s. 6d., and the 
price for the same work on common roads is from Is. to Is. fid. 
The mean of the latter two being about the county contract 
average price. Making the addition to the latter for difference 
of lead, it would give Is. TJd. as the averse price at which 
excavations in rock on r^lway works should be executed in 
this country. This would give a saving of TJd. per cubic 
yard in rock excavations. 
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The monster railway contractor will no doubt say, in reply 
to this, that there are so many circumstances of difference 
between works executed under railway companies and grand 
juries which influence the prices that they cannot be compared. 
True there are such dilTerences. The monster contractor 
supplies himself with plant upon a g;rand scale ; his horses are 
of the largest and sleekest description ; they are wonderfully 
tinned, and a cert^n number of them are calculated to do the 
miuimum quantity of work in a given time. These go in 
tandem, or unicorn, or two of them abreast, and with one or 
two drivers, and thus yoked, in a well-appointed waggon, often 
do as much work per diem as one strong and wiry Irish horse 
and cart. But let it be admitted that contractors' plant and 
stock are subjects of additional expense beyond what is 
necessary to execute county contracts. Inquire then what is 
the value of the necessary stock per mile, and give the con-r 
tractor a fair sum per cent, for that capital invested in his 
trade. 

The stock necessary to execute road contracts is, say £'2oO. 
per mile. The stock necessary to enter efficiently and vigor- 
ously into a railway contract is, say £750 per mile. Here 
there is a capital sum of £500 per mile of clear difference 
against railway contracts, compared with contracts for public 
roads. The wear and tear of this stock may be taken at teq 
per cent. ; this gives the sum of £50 per mile per annum as 
the amount which the contractor has to replace in his capital 
out of his employments, over and abovewhat he would have on 
road contracts. Now, a low average quantity of excavation in 
railway works in this kingdom is about 30,000 cubic yards per 
mile; therefore {^Sa—^^- ^n other contracts in Ireland 
this sum would be less than a farthing per cubic yard, sup- 
posing it to be put to the debit of the excavation above. The 
average difference (allowing a reduction on account of the 
amount of excavation on road contracts, as between roads and 
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railways) is (by this calculation) \A. per cubic yard, which 
raises the price to 8id. per yard for earth excavation. It in 
worthy of remark, however, that in all railway estimates, a 
large sum (at least five per cent.) is placed to the debit of 
plant, which practice should allow the calculation to be cleared 
of this id. However, I shall let it stand, with the remark 
that the additional outlay on good tools, rails, and machinery, 
gives increased facilities for working, which in themselves 
more than counterbalance tJie outlay. 

Railway works also, from their having lower gradients, have 
deeper cuttings, and from this cause also comes greater facility 
in the execution. The deeper tlie face, the easier the work, 
and the greater the profit to the contractor. Again, in all 
rulway contracts entered into honestly, the contractor is paid 
monthly, or in bi-monthly instalments, whereas the road con- 
tractor must wait (except where the contract is very large, 
and he is paid by Instalments) for periods averaging six months, 
from assizes to assizes, or perhaps for a year, or two years, till 
the contract is completed to the satisfaction of the engineer. 

Thirty thousand cubic yards of excavation at IJd. per yard 
is f 187 lOs. This is the sum per mile in light works over 
and above the f.ur price, (making all allowances) which the 
monster contractor receives in the department of earth exca- 
vations alone. 1 shall leave, till a later period in this paper, 
comparisons of railway prices amongst themselves, that I may 
more closely follow out the comparison of a few of the leading 
prices as between railway and road contracts. 

The masonry of the contract is the next Important item to 
the excavations, and in this also, will be seen material 
differences in similar descriptions of work. 

The average price of rubble masonry per cubic yard, in the 
schedule which I have compiled, is above 9s. The road con- 
tract price per cubic yard is, on an average, about 7s. 

This is the price inclusive of footings, abutments, wings, 
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spandrils, and backing; now, there is doubtless in railway 
masonry an additional price allowable for wider spans and 
better centering, but that there is a sounder description of work 
necessary than that which is executed in well-managed counties 
I deny. The allowance for additional centering and heaviCT' 
material would not exceed 9H. per cubic yard, and even this 
may be too liberal, inasmuch as with heavier work come 
greater dimensions, which produce with the same area of face 
more solid measurement. 

There is no reason that I know of, why a stone bridge of 
any given dimensions should cost more for a railway than for 
a mail-coach road, and there is no necessity, if there be 
honesty and fair dealing between a company and a contractor, 
that any man should receive for his work more than its fair 
value. 

The average quantity of rubble masonry in bridges and 
retaining walls on ordinary railway contracts in this country 
is about 800 cubic yards per mile. The saving on this item, 
if county prices were adopted, (making all fair allowances) 
would therefore be at the rate of £50 per mile, statute. 

The price of culverts belongs to this department. The 
average sum paid in railway contracts for culverts of from three 
to six feet diameter is about 20a. per foot of diameter per yard, 
lineal or cubic. I have no means of making a comparison 
with county contract prices in this item of cost ; but may 
observe, that the cost of the work, in the hands of a small 
contractor, would not exceed lOs. per cubic yard, which, at 
60 yards, the average quantity, would amount to £150 per 
mile. 

In ashlar masonry executed in strings, quoins, coping rings, 
newels, &c., the difference between the county and the railway 
contract prices is about Od. per foot for plain work; the former 
average being Is. 6d., and the latter 2s. The saving on this 
item being, on about 1,200 feet, equal to £30 per mile. It 
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Biay not be out of place faere to observe that this ornamental 



, wliich costs 549. per cubic yard, mig;ht b 



nitted alto- 
gether, and ordinary bammered atone substituted, at about halt' 
the cost, and without injury to the stable character of the 
masonry. 

In the price of all timber used in piling, or in structures 
above ground, there is paid to railway contractors an average 
rate of 4s, 3d. per cubic foot; 3s. being about the average 
price paid in county contracts. There is therefore a saving of 
Is. 3d. per foot available in this item. In certain contracts, it 
is true, timber is little used in permanent structures, but it is 
always an important article in the schedule of prices, and the 
average quantity on Irish contracts is somewhere about 700 
feet per mile; which, taken at Is. Od. per foot, amounts to 
£43 15s. 

One more instance, and I have done with xhese comparisons. 
Fences of earth are executed in railway works at the average 
cost of Is. per yard lineal, while in county contracts their price 
is about five pence ; and in many localities little more than half 
that amount is paid for them. The mile of railway requires 
about 4000 yards of same description of fence, and throwing 
out of the scale the greater saving to be effected in the article 
of stone walls, and allowing earth fencing to rule the estimate, 
'the amount of earing would be £U6 per mile. 

There is a system in railway contracts of charging for road 
metalling in alterations, deviations, and approaches, per super- 
ficial yard, without reference to its depth, which is thus left to 
the liberality of the contractor. In the Wicklow railway con- 
tract the price was Is. fid. per superficial yard. This is about 
the valueof a ton of the material used — the quantity expended 
being about 4 cwts. I do not calculate the saving in this 
item, as 1 have not sufficient data at hand, but content myself 
with a notice of this matter, with a view to its correction. I 
have thus drawn your attention to the leading differences 
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between the prices of the work on railway and on road contraotB, 
and I have now to pass to the differences existing between 
similar works in similar contracts executed at different times, 
(i, e.) in railway contracts of the past and the present time. 

In the year 1837, or thereabouts, the Ulster railway con- 
tracts, No. 1 and No. 2, comprising the section of the line from 
Belfast to Lisburn, were let to an Englishman, who had then 
been engaged for more than twenty years in the pursuit of hia 
business in this country. 

He was a builder by trade, and a man (though of the old 
school) who knew well the value and importance of the work. 

The cubic yard of earth work in hia schedule of prices cost 
6id. This was bis own price, as he had no competitors of 
note, and I have his own authority for saying that lie did not 
lose by it. 

It is worthy of note here, that this contractor bad to supply 
himself with plant, specially for this work ; which plant, more- 
over, he had no opportunity of applying to similar work 
subsequently, as he soon afterwards retired from business. 

The contract executed prior to these was the Dublin and 
Kingstown Railway ; of these prices I have no note, nor is it 
of much importance, as the circumstances of all the works there 
differ considerably from those of most other works in 
Ireland, 

This work, however, introduced to this country a man who, 
though a true milesian, had secured the benefit of an English 
education; it is not, therefore, astonishing that he should seek 
to introduce English prices into Irish works, considering that 
all the materials of construction, as well as the labour of the 
head and hand, were to be procured in this country at so much 
a lower sum than in the land which he had learned in and left. 
Irish inexperience and an English engineer made the ta,sk easy, 
and his sagacity and worldly wisdom were triumphant ! 

That contractor, about the time that the Ulster Railway con- 
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tracts aboTe-mentioned were in force (and with similar assist- 
ance) secured a contract in Ulster, viz., the Bann Reservoir 
Works, in which the price of earth work was 9d. per cubic 
yard, which learth-work consisted principally of embankments 
made up from side cuttings within the reach of an ordinary 
barrow-run — a price, considering the difference in lead, some- 
where about double that on the Ulster Railway contracts 
referred to. « 

The contracts between Lisbum and Portadown, which 
followed, were let upon the English system, and the great 
portion of the work was done by sub-contractors, who them- 
selves gained both wealth and character by even their minor 
portion in the transaction, — ^the lion's share of the profits being 
held by their chief. This portion of the work was opened in 
1842, and extended,*, in the hands of the same contractor, to 
Armagh, and was ready for traffic in 1848. Three years 
prior to the completion of this last contract, the Belfast and 
Ballymena Act was obtained, and the same year (1848) saw 
its completion. 

This was the next great work opened in Ireland, and to the 
prices on that contract I wish particularly to refer. The price 
per cubic yard, with 25 yards **run" is in the schedule 6d., 
and for eachiuiditional *^ run" of 25 yards. Id. per yard. That 
is, for every distance exceeding 425, and not exceeding 439 
yards, the price to be paid to the contractor was solemnly 
agreed to be Is. lid. per cubic yard, for "gravel, till, or clay 
excavation." 

per nule per yard 

The earUi-work prices in the schelnle for the 

average lead given is — Is. ld» 

Pitching and ballasting single line - - - £840 Os. Od. as. lOd. 

Boxing - - - • - -. - • 830 Os. Od. 8s. 9d. 

Laying of permanent way .... 812 Os. Od. 2s. 3d« 

Brick work — 32s to 408, 

Fencnng -.-.--. — Is. 04, 

Maintaining of way 145 10s, Od, — ^^ 
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Some of the items in thia schedule are startling, and i 
admit of explanation. Let it be fairly given : — 

The "pitching" I find described in the specification i 
placed under the whole of the permanent way to a depth of 
6 inches, in tbe same manner as that used in foundations of 
public roads. The value of this would be about 3s. per cubic 
yard, while three-fourths of a cubic yard, per yard lineal, would 
amount to 2s, 3d. per lineal, or to £198 per mile of single 
railway. Deduct these figures from the sum per yard and 
mile for pitching, ballasting, and boxing, and tbe remainder is 
5e. 4d. per lineal yard, or about £469 per mile for the boxing 
and ballasting alone. This sum, calculated at seven inches 
depth of ballast and six inches of boxing, would give 2,37 i 
cubic yards, or about 4b. per cubic yard — a price more than 
double its value to the company. The price in the schedule 
for the laying of the permanent way is equal to that of a double 
line, more than double the price now charged by the permanent 
way company — a clear gain of £107 per mile over the fair 
marketable value of the work going into the pocket of the 
contractor. 

Until the year 1847 no rise In the price of labour had 
occurred, and, wanting such an event, I am unable to account 
for the difference pointed out between the two first Ulster 
contracts and the Belfast and Baliymena prices. 

From 1848, the time of completion of the Baliymena Rail- 
way, to the present time, there has been a steady increase in 
tbe price of labour, and from this circumstance we should 
reasonably expect to observe an equally steady rise in the 
cost of railways as executed by contract ; yet the very contrary 
has been the case, and we find the same contractor who 
made the Baliymena line is now in the actual execution of 
a contract in tbe same province at vastly reduced prices. 
The Ulster Extension Railway schedule has the following 
items : — 
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Earthwork, . . Bd. per cube yud 
Maaonry, . . . 7». do. 
FenoiDg, . . . lOd. per yird lineal. 
Brick- work, . . 30«. in mortar, 36«. in ) 


liL Id. 

7s., ftSaeitraforraoo. 

iB. 

32s. to i2s. 

£146 10b. 









Id theK early times of railways, the Londoiiderry and 
Ennistiilkn contract, No. 1, (from Deny to Strabane) 
revealed to some extent the magnitude of the profits realized. 
In this case it i.^ notorious that the contractor had more than 
twice the fair value of the work. 

The latter contracts upon this line, though made at very 
reduced prices still admitted of sub-contractors being em- 
ployed who realized good profits beyond the sum of £1,000 
per mile, which the chief reserved as his profit in the first 
instance. 

The sub-contractor is, compared with landlordism, a sort of 
middleman by whose agency the principal acquires his gains 
without the trouble of superintendence or collection, who, 
thrown into a middle position, where profits were never calcu- 
lated in the engineer's estimates, and where he cannot acquire 
anything save what he grinds out of his chief contractor on 
the one side, or out of his workmen on the other, is one of a 
class which, like his middleman prototype, stands as a shield 
between the faults of his principal, and those to whom he (the 
principal) is responsible, and thus pursues his course for gain 
alone without advantage or responsibility to the proprietary. 
As illustrating the system, and showing the actual cost of 
work, I shall quote the principal and sub-contract prices per 
cubic yard, on the Wicklow Rmlway, as supplied to me by 
one of the resident engineers : — 
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■ P.Mth, 




M«on.7, 




Priiidpal Contractor. Pfioe in 

Sohadale 

Sub-contract Price, 


•. if. 

1 2 

7 


2 6 


!0 to 15 
7to 8 





These prices applied to all the Bray Head excarations and 
retaining walls, will show diSerenees between the value and 
cost of railway work, which cannot fail to astonish the unini- 
tiated. 

Let the curious in contracts refer to the terms on which the 
Portadown and Dungannon Railway contract was last year 
negotiated with an Irish contractor, and concluded with a late 
celebrated, but insolvent English firm, and additional light 
will be thrown upon this subject. 

The Derry and Coleraine Railway sometime ago fell into 
the hands of a railway contractor, having been unable to 
stniggle through difficulties entailed by collusion and extra- 
vagance in the first contracts on the tine. 

I do not wish to take such estraordinary cases as those 
named for the basis of any calculation of saving to be effected 
in the execution of railway works, but, to the sums already 
set forth, I wish to add the fair differences between the 
average cost of certain works on railways not occurring on 
roads, and the price at which they may be executed. 

For this purpose I shall adduce a few facts. The Newry 
and Enniskillen Railway, 4 miles opened up to the present 
time, has cost about £136,000. It is a single line railway 
through rock cuttings, with light works, and with but one 
station ; the whole value of which is under £2,500. 

There is no doubt that in its average cost per mile, it is the 
most expensive single railway in these kingdoms. During 
last year this line was extended to the Albert Basin in 
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die town of Newry, having been previously advertiBed for 
contract. 

The prices in these tenders were ordiiMiry moderate rates 
It which railway work is executed. 

I have put them down in juxta-pogilion with the actual 
coet of the worit as executed afterwards by day work by the 
company, under the superintendence of their own engineer, 
to whose excellent advice and management the company is 
indebted for a saving equal to 60 per cent, of the amount in 
the tenders, and equivalent to 10 years of his salary. 



Eaxthirarli, Embankment, 
Ditto in Foondations, 
fiubble Maaonrj, 



I do not put this forward to show that railway works can 
be executed generally on these prices, because there were 
favourable circumstances affecting some of the items, viz., the 
ballast and earthwork ; but I have put the facts on record as 
containing a lesson on a vital subject, which men interested 
in railways should learn. 

The cost of "Laying" by "the Permanent Way Company" 
is about X105 per mile; the price asked by the contractor 
who tendered for this contract, was 1*. per yard, or £88 per 
mile, whereas it appears that this permanent way cost the 

I Newry and EnniskilJen Company, under the superintendence 
of their own engineer, £44 per mile. I add, therefore, (after 

I fair allowance for contractor's profit and superintendence,) to 
my former estimates of saving, £29 6s. 8ij. per mile, on this 

I item. 
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Ballast, for years past in railway contractB, has cost nums 
varying from 9(t. to 2s. (id. per yard, depending upon the 
nature of the material and the amount of haulage, but the 
average is about Is. 6d., and this would not be an exorbitant 
price, if the ballast were (what it seldom is) unesceptionable 
in quality and quantity. I cannot, however, claim a saving 
to be made on this point, where the resident engineer is 
accountable, and where he may be wanting in inclination^ 
power, or independence to carry out the specification. 

There is another important item in which there is a field 
for saving, viz., in the price of land taken by compulsory 
power for railway works. 

There has, doubtless, been a great improvement in the law 
regulating this matter, by which the old, tedious, and expensive 
*' Inquisitions" have been abolished, and a Treasury arbitrator 
has been appointed instead. 

There is still room for improvement; and I would here beg 
to suggest a further alteration in the law. What I propose is, 
that after the line is set out, and the contract plans made, 
that one valuator be appointed by the company, and one by 
the proprietors, who, with the assistance of the Treasury 
arbitrator as umpire, would have power to settle all land 
claims and accommodation works, and that the lodgment of 
their joint award in the union workhouse, as at present (the 
money being paid into court), should be sufficient to enable 
the company to take possession of the lands — leaving the final 
appeal, as at present, to the assizes. 

By this arrangement the costs of arbitration courts, and of 
solicitors and lawyers, in the first instance, would be wholly 
dispensed with; as the valuation of all the interests would be 
quietly and fmrly considered and fixed, from personal inspec- 
tion, upon the facts and circumstances of the cases, without 
the excitement of courts, oaths, or advocates; and the final 
appeal, with its limited costs, would correct all the errors of 
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Judgment or of accident, that these more rapid proceedings 
43Dight ontaiL 

I have no doubt that an average of £300 per mile might, 
is this way, be saved in the cost of the land for the single line 
^railway. 

There is in every schedule of prices a charge varying from 
^d. to ld« per superficial yard for trimming and soiling of 
slopes* The former is an old English price (and under English 
engineers was paid on the Dublin and Wicklow contract), but 
^ne penny is the usual sum in this country under Irish 
^engineers — the former rate is unfair and exceptional — it is, 
therefore, to the latter rate that I address myself* 

It is a notorious fact that the work under this name in the 
schedule is generally ^^ scamped," or altogether omitted, in the 
execution. But even if it were honestly performed, the value 
of the labour of flinging a^/m of vegetable mould of infinite- 
simal thickness over the slope, and dusting the same with 
grass-seed, is far too highly paid for even at the lowest price 
in the schedule. Say that the slopes, on an average, measure 
five acres, or 24,200 yards per mile, the cost of this mythical 
operation to a cconpany i8^£100 16s. 8d. per mile, or £20 
per acre. 

ESTIMATE. 

Oae man -mil, at 2b. per day, trim 1,000 superficial yards of slopes 

per diem, therefore 24,000 yards per mile will cost . . .£285 

Soil 4 inches deep (excavation preyionsly pud for), cost of removal 
to a convenient place, return, and spreading, at 3d. per cubic 
yard, for 2,689 yards, 33 12 S 

Best mixed grass seeds, at 1^ bushel per acre, 158. per; 5 acres, at 

22s. 6d., 5 12 6 

Contractor's profit, 20 per cent., 8 

Total, £49 13 2 

Making, as nearly as possible, £10 per acre, or one halfpenny 
per superficial yard. I take credit, therefore, for a saving of 
£50 per mile under this head of trimming, soiling, and sowing 
slopes. 

H 
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I shall iiow recapitulate the savings which 1 have estimated. 

Latai, 10 ur«B, at £30 per sore, £304 

EicarationB, 80,000 yards, at lid. peryard, . . . . 187 10 

MaBonry rubble, 800 cnbio yards, at la. 3d. per cnMc yard, . . 60 

CnlvBrta, 80 lineal jarde, at GOb. per lineal yard, .... ISO 

Ashlar, in quo'ma, string rings, and coping, 1,200 coMo feet, at 6d. ^^^ 

per cubic foot, 30 -j^H 

llmbeT, in piling and overstrDctnreB, 700 cubio feet, at la. Sd. per |^^H 

cnbic foot, 43 IS ^^| 

Fencing, 4,000 yards, at 7d. per yard, 116 13 't 

Laying permanent way, 1,D36 yards, at 4d. per yard, . . SZ 5 i 

Trimming and soiling of slopes, 6 acres, at £10 per acre, , fiO 

ToUI, .... £960 3 8 
From this estimate it appears tbat the saving to be made 
is nearly £1,000 per mile even on low-priced Irish railways, 
and that this saving can be made by a descent from " the 
monster contract system," is a proposition which I believe can 
be well and practically maintained. The anomalies appearing 
in prices in this paper are extraordinary. The principal one 
is that from the year 1838 to 1845 (a time during which there 
was no rise in the labour market), the price of the cubic yard 
of earthwork doubled itself; and in the period between 1845 
and 1857, when the price of labour was steadily increasing, 
the cost of all descriptions of railway works was as steadily 
on the decline — the price of the article produced being inversely 
as £he cost of its production 1 Increased knowledge on the 
part of the employer and employed, and greater skill In the 
possession of the arlizan and labourer, should point to decreased 
prices during the first epoch ; and increased labour rates should 
have produced increased cost of works in the latter period — if 
all the contracts had been fairly and honestly entered into 
and executed. But want of knowledge on the part of some 
boards of directors, and want of money, or honesty, in others 
— want of fitith in the power of their own countrymen to 
execute the works in a few, together with the cupidity of 



DF CIVIL ENUINEBU& Of IRELAND. 83 

adventurous contractors, conspin-ci to produce the prices which 
have enriched the latter and bs'ggared the former — and these 
feelings and circumstances, by prevention of fair open com- 
petition, account sufficiently tbr the anomaly. 

I do Dot alone censure the contractor who geta an unfair 
price for his work. He is, if anything, less to blame than the 
(lirectors, who, to save time or trouble, neglect the interests 
of which they are the elected guardians, and let their contracts 
from 15 to 50 per cent, above the value of the work. 

It is reasonable to assume that the cost of any work will he 
to a certain extent in proportion to the number of persons to 
whose competition it is open. Very large capitals are held by 
the few, and small capital by the many, consequently if we 
confine the competition to the former class, the prices demanded 
wiit be higher than if the work were within the range of com- 
petition of the latter. 

L.et therefore thne works be so divided as to bring them 
everywhere witkin the reach of the smaller eapilalisls, and tkt 
most beneficial results willfolli'in. 

To carry out this system, contract works should be so 
classed as to give the greatest facility to suit the letting 
to, and execution by, the small and competent contractors, 
whose employment I advocate. And should it so happen 
that one person got two or three separate portions of the work, 
ihe company would have the advantage of their letting, subject 
to the greatest competition, and consequently at sub-contract 
prices. 

This is no new idea. 1 only whh to see restored the former 
or earliest state of things as they existed on the first great 
railway executed in the world. The Liverpool and Man- 
chester line was made, not by a monster contractor — the genus 
was not then in existence— but by the small contract system, 
under about 16 different contracts, in the hands of about 25 
contractors and under the direction of seven engineers and 
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four superintendents of works ; a complete list of which I 
subjoin. 



Xamb 09 Work. 



Rbsident Ekgikebb. 



George Stephenson, — Em/ineerin-Ckief, 



Liverpool Tunnel 

do. 
Manchester Works 
Intermediate Works 
Sankej Viaduct - 
do. - 



Tunnel at Liverpool to Roby 
Whiston Plane - - - 
Salford Bridge - . - 
Olive Mount Works - 



Catting between Salford and Chat-moss 

Chat-mos 

Broselj Embankment 

Thence to Newton - . - - 

Sankey Embankment - - - - 
Sulton Excavation .... 

Bamhill, Cutting in rock, &c 

Whiston Cutting - - . . 

Great stone Excavation, OUve Mount 

Marl Cutting, thence to Wavcrtree Lane 
Tunnel Muuth, or Edge Hill Excavation 

Tunnel Excavation .... 

Newton Viaduct - - - - . 
Kainhill Skew - - - . - 

Irwell Bridge 

Water Street Viaduct - - - - 



Mr. Locke. 
Mr. Gooch. 
Mr. Dixon. 
Mr. Holkyard. 

do. 
Mr. Fife {Assistant). 

Superintendents op Works, 

Mr. Harding. 
Iklr. Scott. 
Mr. Fife. 
Mr. Gillespie. 

Contractors. 

Mr. Tiobert Stannard. 
1 Mr. Blacklock, Mr. Wyley, and 
* others. 

Mr. John Blacklock. 
Mr. John Baird, and Mr. Robert 

Hutchinson. 
Mr. Greenshields. 
Mr. Thomas Eaton. 
Mr. James Copeland, Pickering, 

and Co. 
Mr. M'Cloud, and Mr. Alcock. 
Messrs. John and George Ste- 
venson. 
Me.^yrs. Thornton, and Co. 
Mr. Thomas Harding. 
Mr. J. Copeland, Mr. J. Steven- 
son, and Mr. J. Harding. 
Mr. George Finlay. 

do. 
Mr. Brockbank and another. 

do. and Mr. Findlay. 



I think it well to insert this list, and thus to record the fact 
that such was the system in the execution of the first great 
railway in the world, and in doing so I think I may safely add 
the reflection, that it would have been well for shareholders 
and engineers that all the great works since executed had been 
carried out with the same economy arid integrity as those of 
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that great first railway, planned and executed in that glorious 
era, when jobbing between contractors and directors was 
unknown. 

That the Liverpool and Manchester Railway was econo- 
mically made under this system, will appear from the following 
figures : — 



The Great Tunnel, 1,980 yards long, double 
line, 22 wide, and 16 feet high, (| lined with 
brick,) . - 

Small Tonnel, 291 yajxls long, single line, 
15 wide, 12 high, 

Sankey Yiaduct, 9 arches, 50 feet span each, 
70 feet high, piling 30 feet deep, all ashlar 
work, 

Excavations, 31 miles, do«ble line, with heavy 
works, ^6200,000 ; Chat Moss, 4| miles, 
£27,000, . 

Whole Cost, inclusive of Land, Bails, Sta- 
tions, Salaries, Cost of Act, &c., 
Average Cosrt, £26,451 per mile. 



£ 8 d. 

84,770 

2,480 

45,000 

227,600 

820,000 



£ s. d. 
Per Yard 

17 10 

8 12 



Per Mile 
7,300 



The average cost of all the English railways, single and 
•double^ being to this date nearly £40,000 per mile. 

There is special reference made in this paper to the great 
differences between the prices on the first and last contracts 
on the Ulster Railway. Some light will be thrown upon this 
subject by reference to the published report of the proceedings 
of a meeting (recently held at Belfast) of the shareholders of 
*' the Belfast and West of Ireland Railway Company," for the 
purpose of amicably and quietly winding up the concern with- 
out the intervention of the Court of Chancery. 

The principal business of the day was to relieve a contractor 
from the pecuniary pressure of £7,000 of deposits on shares to 
the amount of £70,000, which he had taken when the Bill 
was in Parliament in 1853, under a secret arrangement with 
the managing committee that he should not be held responsible 
for more than 100 of the 2,500 shares for which he had signed 
Ihe subscription contract. After a noisy discussion, a protes,t 
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on the part of h shareholder, and an adverse speech and amenit- 
ment, the meeting most "honourably," (to use the words in 
the report,) relieved the contractor from the payment of the 
£7,000, and took it — against law, anil reason, and Buffering 
humanity, upon themselves to pay, in addition to their indi- 
vidual liabilities on their own buna Jiile shares. 

In this report will be found tbe reason for the difTerence in 
prices under small and great contracts. Had the Act been 
obtained, the shares wouhl have been the bona Jide property 
of the contractor, and the man who would have dared to 
insinuate that there was any such secret arrangement about 
them, as is now proved, would have been looked upon as the 
reviler of this great and good man, who afterwards would 
have become the conti-aclor for the work by virtue of the 
previous arrangement. 

The Ulster Railway Company of 1837 did not need to 
enter into collusion with a contractor by which he should take 
£70,000 worth of shares, and to sign the subscription contract 
for the amount, with a mental reservation — or do an act which 
he knew to be binding in law and honesty, but from which 
(in case he did not get the contract for the bribe,) he was to 
be released by the outraged code of honour. They did not 
need to enter into any arrangement with a monster contractor 
by which he should be secured against loss in the depreciation 
of his shares — as regards the directors for the purposes of the 
Bill in its passage through Parliament, and as regards the 
contractor for the purpose of securing the contract at prices 
beyond the fair value of the work. That such things should 
exist in the present day, and in the Province of Ulster, is a 
scandal and a shame ; and that engineers should submit to hold 
office where they exist, is a matter of astonishment. 

It is well for such contractors, however, that there has 
always been, according to an ancient proverb, a spurious sense 
of honour regulating actions which are in themselves dia- 
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itoiiourable. Had the proverb not held good in this case, the 
contractor would have paid £7,000 for his jobbing, {which he 
may have yet to pay,) and had the Bill passed into law, the 
shareholders would have paid, in their schedule of prices, the 
full value of the name and figures in the subscription contract. 
I select this illustration out of many such cases, because it 
is the most fresh in the recollection of the meeting and the 
public, and because the facts slated are un question able ; and I 
close this section of the paper with a quotation from the 
unpublished portion of the paper {on the subject of single 
and double railways,) read by me at this Institute two years 
since. 

" In former times, books, plate, and works of art, and luxury 
of every description were so expensive, that few could purchase 
tbem; now, from greater skill, more knowledge, and an in- 
creased number of artizans, they are produced at prices which 
enable many to possess them. So long as rulways were 
unknown and difficult of construction, with few bands skilled 
in their execution, it was inevitable that large prices should 
be paid ; but now, when the art of making railways is well 
and generally uiulerstood, and when they have become things, 
not of luxury, but of absolute necessity, it is proper that they 
should come to their fair price in the market," 

I have only to add, in concluding these observations upon 
the cost of works, that the savings which I have shown to be 
available, are upon what are considered fair Irish prices of 
railways as at present existing — the saving to be made upon 
the prices of works let to contractors, under secret or share- 
holding arrangements, I do not attempt to arrive at — they 
are in the compound ratio of the financial positions into the 
moral condition of the contractors and directors of the com- 
panies. They may, however, be guessed at by the intelligent 
engineer, from the materials for thought or calculation which I 
have supplied in those pages. 
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The price of a work is a question not affecting tlie character 
of the engineer, when he, the engineer, has no (.-ontrol over 
the letting of the contract, which state of things is almost 
constant ; and, if works were executed according to his (iesigiis, 
on prices agreed upon between the contractor and the directors, 
he could not object to their expenditure of their own money 
on a scale which would place within his reach the means of 
executing works of excellence and grandeur; but when those 
prices given for works under his superinteudence tend to limit 
his power, and wrest from him his control of the contractor — 
to invert their respective positions, and to destroy his indepen- 
dence and usefulness of action, it is then time that he should 
stand upon his defence, and if the attack of the system which 
causes such a state of things be requisite, it is his duty to him- 
self and to his profession to strike strongly and repeatetlly at 
the root of the evil. It has been suggested to me that we 
should be careful how, in any paper read at this Institute, we 
should attack a class of men who, by the greatness of their 
wealth and undertakings, furnish so much employment to our 
profession. Who, before the present corrupt era in railway eon- 
tracts, ever heard of the builder being the employer of the 
architect ? The reverse has ever been the case I Is not the 
stereotyped phrase in uU deeds of contract — " according to the 
specification, and to the satisfaction of the engineer." These 
words mark clearly the respective ranks and positions of the 
two classes. I understand their meaning to be, that the 
designer and judge of the work cannot be said to be the person 
patronised and employed; and thus 1 see no reason why I 
should spare the condemnation of evils because they are the 
evils of a class which has grown to giant proportions through 
the faults of our profession. 

Let me not, however, be understood to condemn any man 
individually. If I point to locahties by which meo can be 
identified, I do so for facts upon which to base my argu- 
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*>xcDt or my comment, and I do not quarrel with the men hut 

'^^ illi the circumstances. I am, however, free to acknowledge, 

\ * tiat so long as I am not (by any error of observation or iiifor- 

'**iiition) doing injustice, it shall give me no trouble if men of 

'*^iaracter and circumstance smart under the censure. 

The Wicklow Railway contract, then, was perhaps one of 

!^-%e most striking instances of false position on the part of the 

1*^^ ngineer and contractor of any which occurred in any country. 

-The Engineer-in-chlef resided in London and his permanent 

^taff consisted of a resident engineer and two assistants. The 

vlesigns were made in London, and contract drawings were 

l^rom time to time supplied to the contractor, showing the 

i'orms and dimensions of the works to be executed under a 

schedule of prices previously agreed upon. These drawings 

I were carefully brought under the notice of the contractor, and 

I as r^ularly were they (except in a few rare instances) thrown 

aside. The contractor's "man" designed and executed better 

works for the company, and for his master. 

Assistant engineers represent this state of things to their 
resident. Their resident orders the work to be executed 
according to the designs of his chief. The contractor's "man" 
promises attention, but says he must obey the orders of Ai'sem- 
ployer, and that "his honour" must procure that order in 
writing before he can obey him. The resident wrathfully 
rushes to the board of directors and makes his complaint. 
j His defeat and astonishment are complete when he sees that 
the contractor, his contractor, is at the board, and is, to all 
intents and purposes, the principal shareholder and director — 
in fact his employer and master; he retires subdued and snubbed. 
The works are executed in the perfection of taste, ait, and 
science upon the designs of the contractor's "man," whose 
I stoicism under the entreaties and threats of engineers has 
perhaps raised him from the rank of the navvy to his present 
position of trust and favour with his all-powerful employer. 
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Let it be added here that the work on the Wicklow contract 
was ultimately measured up and paid for by the schedule of prices 
on the exact quantity executed — a circumstance which in some 
measure atoned for the previous errors of position and conduct. 

What state of things can be more destructive of the charac- 
ter and position of the engineer? Should any engineer 
submit to occupy such a position ? It is a proud boast that 
there is hardly a blot upon the professional escutcheon. There 
is poverty, timidity, want of self-respect, want of firmness, and 
crushed independence; but I cannot in our profession name 
three men in these three kingdoms, upon whom the curse of a. 
dishonourable name has fallen. 

The substitution of the small for the great contract system 
would improve the position and increase the employment of 
the engineer. The position would be improved, because the 
contractor would be unable by his wealth or position to over- 
awe, corrupt, or bully the engineer. The small contractor, on 
account of his reduced prices, should do his work without 
deputy, and would, therefore, be constantly found iu its im- 
mediate superintendence. By this arrangement the fair 
profits on the construction of railways would be distributed 
over a great number of individuals, and industry, instead of 
j()bbery and capital, would have the reward. By the personal 
superintendence of the contractor, the orders of the engineer 
would have immediate attention and respect, audit would be 
difficult to delay the execution of an order on the pretence 
of waiting for the presence of the principal — an old and dis- 
creditable artifice, by which work is scamped, and the terms of 
specifications evaded. 

As the system aifects the poaition of the engineer, the most 
serious evil is that each monster contractor has a staff of men 
in regular training and work — generally taken from the rank 
of navvies and gangers, or who are the sons of these people, 
who supersede the engineer in his legitimate duties on the 
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) ytheie they are trained — who often afterwards take the 
estyle and title of civil engineer for themselves. In the adop- 
t:ion of the Bmall coatract system this evil would be abated, 
i^nasmucb as they would be superseded by assistant engineers, 
employed by the companies, who would be the advanced pupils 
ofihe residents or enginecrs-in-chief, by which means a spurious 
class of men would be prevented entrance lo the profession, 
and its legitimate aspirants would have iocreascd opportunities 
of receiving the education and the experience from which honour 
and emolument alike flow. 

I'lie great circumstance affecting injuriously the position of 
the engineer, and that most requiring to be corrected by 
legislation, is that which allows a shareholder in a company to 
become a contractor for its works — or the paid servant of a 
contractor to be a railway director, in right of shares purchased 
with his master's money. If these evils could be corrected, 
a great change would be made for the advantage of the 
engineering profession, and to any enactment on the subject 
should be added a clause to hinder subscription contracts from 
being cooked by the addition of the subscriptions and names 
of railway contractors: and in case of such being made in a 
bonitjide manner, to prevent the person holding such shares so 
subscribed from afterwards having, directly or indirectly, any 
connexion with the contracts under ihe company. 

There is legislation to prevent Poor I,aw Guardians, 
ex-offieio or elected, from participating Jn any way in any 
contract in the Union in which they hold office, and though 
there is not, in all cases, direct legislation on the subject, yet 
the position is one of so much suspicion, that Grand Juries, 
Governors of Public Charities, and Directors of Public Boards 
generally, keep themselves free from the taint of such dis- 
graceful transactions. It is now several years since a certain 
railway king taught the world a royal lesson on this subject, 
and the disclosures then made pointed clearly to the necessity 
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for legislation on the subject ; but the sense of danger returns 
to its dulness when the shock of a recent calamity is over, 
jind the frauds then practised by the king of jobbers have been 
reproduced with impunity, with more or less variation of form 
and circumstance, but with slight difference of moral turpitude, 
to the present time, and the practice is now as uncontroUed as 
if Honour and Honesty were not loudly calling upon Law for 
a strong arm to aid in its suppression. 

It will be said that contractors are benefactors to society in 
the manner by which they assist in railway enterprize. No 
doubt they take prodigious quantities of shares, and the world 
does not know in what manner they are taken or paid for, and 
the same desideratum is afforded to the communities who are 
eonvenienced by the works, as if they wL're executed at a 
nominal cost. This is true to a certain extent; but it is also 
certain that if riulway works could be reduced one-half in cost) 
the tariff for the carriage of all classes of passengers and goods 
might be reduced one-fourth, leaving the same dividends to 
the sliareliohU-rs. 

It is undeniable that contractors raise vast sums of money 
for the formation of railways, and it is believed that they do 
so upon their own superior personal security, whereas a 
moment's consideration wiJI show that it is upon the security 
of the works— on the security of the directory and proprietory 
of the undertaking that they are enabled to raise the capital 
which they expend or apply. 

This being the case, why should it exist? Why should 
railway directors go into the money market for accommodation 
through the agency of a contractor ? The spendthrift who 
borrows money from the Jew is not more immoral or unwise. 
He goes to one Jew and pays usury for the loan. They go 
to the same Jew, hut through the medium of a Christian, 
whose usury is more ruinous than that of the Israelite. The 
contractor, in negotiating the loan, exhibits his contract deeds 



OF CIVIL ENOINF-EBS OF IRELAl 



93 



as credentials, and mortgages the scrip of the company as 
security. Why, then, should the company not be i(s own 
borrower ? If money can he got upon its security srcond-hand, 
liow much more easy to obtain it directly, and save the cost 
of the agency I especially when that agency goes to complicate 
dther transactions, and poisons the spring from which the 
jjrosperity of the company should flow. But the question 
zemains — How is the subscription contract to be made up? 
How shall three-fourths of the whole capital be shown to be 
subscribed for in u bnna fide manner? There is hardly such 
a thing in the^e times a^ the honest fulfilment of these condi- 
tions, and as I look for no improvement except by altered 
legislation — i. f. by altered standing orders — I would suggest 
that the amount of subscribed capital should be lowered, and 
borrowing powers to companies extended — excluding the 
name of every person who might appear to have exorbitant 
pecuniary interest in his shares, whether Jew or Gentile. 
And should the subscribed capital for the whole woik in the 
bill not be made up by the time of its second reading, then 
the committee should limit the extent of the work to suit the 
amount subscribed. In this manner the instalment of u work 
might be honestly entered on, and executed with all possible 
forethought and economy; and the complexion thus given to it 
might, and most probably would, have the effect of improving 
its character in the market, and of making its extension easy 
in after sessions of Parliament, without e.ttending the time 
necessary for its complete opening, as at first contemplated. 

In Egypt, the cradle of engineering, the greatest construc- 
tive works in the world were executed in the early times (it is 
presumed) by a multitude of hands, directed by one mind and 
management — that of the engineer and architect — and some 
of those names are more lasting than the monuments which 
they erected for the glory of the nations and themselves. 
That Dinocrates, who rebuilt the Temple of Diana at Ephesus 
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and built the new city of Alexiuidria for the great son of 
Philip, was not obliged to band over bis laurels to any workman 
engaged to cany out this design. Neither did any of the 400 
men in the starry line of architects and engineers, from his 
time to the present century, whose works have made empires 
great and the reigns of kings glorious. From Eupalinus, who, 
in the sixth century before Christ, built the first acqueduct in 
Samos, to George Stephenson, who made the first railway in 
Britain, the engineer and the architect had the position and 
credit due to his work. The architect is still in possession of 
ids laurels, for the builder has not yet grown into a monster 
of such vast proportions as the railway contractor, and there 
is no case yet on record of his having thrown the designs of 
his architect to the winds, and executed the building upon the 
amended plans of his foreman mason or carpenter. He is still 
the master and the judge — the structure is according to his 
designs, and he reaps the credit or the shame of its erection 
from his employers and from the world. Not so the engineer I 
Ask who made the (irst railway in Ireland. The name of the 
contractor is readily given in answer. Ask in Liverpool or in 
London who are at this moment building the Mersey Docks, 
in which a million and a half is being expended. The reply 
will give you accurately the names of the monster contractors 
for the work. Ask who has the merit of the Great Southern 
and Western — the Midland — the Drogheda — the Ulster Rail- 
way — the Belfast Harbour Works — the Dublin Graying 
Dock. The nniversal answer will be the name of the man 
who was the contractor, and few, indeed, in the counties 
in which these works are situate, will be able to tell who the 
engineers were by whose science, skill, and industry, these 
works have been designed and executed. 

Engineers from time to time have had great assistance from 
monster contractors in the rapid execution of work, which ^ 
capital and plant can command ; but works in civil engini 
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ing are seldom if ever required to be executed in great baste, 
and the enormous increase of power and cost, wbicb are inse- 
parable &om rapid motion in either macliinery or works, make 
the advantt^e doubtfnl. In military engineering, it ia true, 
the advantages of rapid execution are great, and the application 
of the system to the construction of the Balaklava Railway, 
and in the execution of every description of siege and field 
"WUrk, is a practical illustration of its advantages in a milititry 
point of view, where the coat of the work is never a criterion 
of its value. Sudden and dangerous breach, or acddent, or 
injury alone, can justify expenditure of this description, and 
at such times professional position and etiquette may be safely 
Bet aside for the safety of the life or the properly jeopardized. 
In the early days of railways, the contractor was tm indi- 
vidual who, like any other builder or trader, undertook and 
carried out works under the direction of a superior animate 
unit called an engineer; now the contractor is the principal 
shareholder, and the engineer is a negative quantity i^i the 
calculation. * 

This prince amongst men ia now everywhere tufted and 
flattered. He is king of Hallway directors — sits in the secret 
chamber — pulls the wires by which the automata work, and 
lets the contract of the company to himself. He is the guest 
of royalty. His carriages, horses, yachts, mansions, plate, 
and retinue are the envy of princes ! 

He is a conjuror more celebrated than the wizard of the 
north ; by the stroke of his pen he makes a subscription con- 
tract good or bad — and presto ! a bill is turned out of doors 
and lost. Has he a good bargain with the committee of the 
company, by which bright gold is beaming in the future, you 
will hear him giving evidence for the bill, and vouching for 
the estimates, is that bill in difficulties (if he be not a mem- 
ber of the house) look for him in the lobby when the Speaker 
is at prayers; should he hare that distinction due to his great 
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wealth, patriotism, and philanthropy, you must go within the 
<loors of lialloweil St. Stephens, and seek him on the back 
benches where he will be found conversing in whispers with 
members of committee. He is a character of the most infinite 
self-possession and coolness — Bumble and Brunei are names 
with alike respect and terror for him; he annihilates an engi- 
neer without an effort — spurns or treats with contempt hi^ 
authority — is deaf to orders and remonstrance — does not deign 
to reply to his letters— keeps with him no appointments — does 
all by deputy. The engineer refuses to certify — the contractor 
goes to the board — the directors pay the one, and snub the 
other; and things go on revolving in the same delightful 
order till the day of reckoning which seldom comes; for he is 
in these cases to all intents and purposes, the board of directors 
— engineer — contractor, and company, in his own person. 
What then is the advantage to the engineer that this incubus 
should lie upon hia profession. 

Does he barter his position for money? No — the honour 
of the profession is almost unimpeached. 

Is it religion that makes him submit to be trampled upon 
by the class which is naturally subordinate to him? Alas ! I 
fear that the profession is not distinguished above olfaera for 
christian virtues ; why then does he spend his life in a constant 
struggle with " a power which he has raised and cannot con- 
trol?" It IS indolence that has entered into his soul! The 
want of determination to strike that blow which he has the 
power to strike, and under which the giant would fall beneath 
his feet. The nature of that blow is already Indicated in these 



Joseph Gwilt, the engineering and architectural writer, 
gives a definition of the word architect ; it applies also to the 
engineer, and is worthy of quotation. 

He says, an architect is a person competent to design and 
superintend the erection of works ; that " he should with a 
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perfect knowledge of Iiis profession, have devotedness, faith- 
f vdness, and integrity to his employer, with kindness and 
xi^rbanity to those whose lot it is to execute his projects, and 
^^dth resolution at all times promptly to check the dishonesty of 
Guilders or contractors^ should he meet with such I Qualities^* 
^he adds,) ^' which must insure a brilliant and happy career in 
lais profession." 

I have only to add to the definition of Gwilt, one other 
equality, which is, a determination not to hold office or employ- 
xnent from any individual or company where the builder or 
<3ontractor is allowed to depart from the specification, or to do 
smy act injuriously affecting his position or authority. 

Poverty and the arts and scieDces have, since the beginning, 
l>een constant companions, and although, (save in the very 
liighest ranks,) the engineer is not paid in proportion to the 
^alue of his services, I do not here advocate his just claim 
to increased compensation ; but I claim for the engineer the 
position which should be his by prescriptive right, and by 
right reason, and I look for the united efforts of the members 
of this Institute to remove the stain which at this moment lies 
upon the profession, viz., that the resident engineer on railway 
works often prefers broken specifications and daily bread, eaten 
in subserviency and indolence, to the manly, honest, and in- 
dependent course, which would enforce the terms of the con- 
tract, though it might deprive him temporarily of employment, 
and make an enemy of the gpreat man — Thb Monster 
Contractor. 
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APPENDIX. 



ULSTER RAILWAY CONTRACTT, No. 1. 

27)280 Tarda lineal fencing, at 6d. per yard, 

Temporary ditto, witli quicks, at 7id. per yard, 

1,240 yards lineal tiles, at 9d. per yard, . 

Ezcayating, 5id. to 6d., 

Bridges, • . 

Plan Na 8« Blacksta£f wall and river, 

Culyerts, 

Paved crossings, ■ • 

Plan No. 8, additional^ charge, . 

Levelling and forming road. 

To building of brick or stone culverts, including foundations, 

fronts, wing walls, &c., viz. : 
Culverts of brick, 1 foot in diameter, at per cubic yard. 

Do. do. H 

Do. stone, H 
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Do. 


brick, 6 


Do. 


stone, 5 


Do. 
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Bc!udAde ofPricet, 9 Miles, 926 Tarda. 
DXTNDALK AND ENNISKILLEN RAILWAY— FIRST CONTRACT. 

May 5th, 1846. 
Fencing ditch and mound, sods and quick, per lineal yard. 
Fencing post and rail planed, per lineal yard. 
Rough larch, per lineal yard, 
Price of excavation in earth, per cubic yard. 
Rock, per cubic yard. 
Foundation, per cubic yard, • 
Drains, per cubic yard, . 
Soiling slopes, per superficial yard. 
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^^pproaches — When embanked from ndlway or side, per cnb. jd., 

„ Formation of roadway, per lineal yard, 

ISox, ballast and pitching, per cntnc yard, ^ 
S^tching for altered roads, per cubic yard, 
l^Ietalling for ditto, per cnbic yard, 
^Xdasonry in foundations, per cubic yard, 
IKubble^ per cubic yard, .... 
Hammer-squared work, per cnbic yard, 
33itto in parapets, per cnbic yard, 
-Arched sheeting, hammered stone, spiral or straight, per cub. yd. 
X>itto, in brick rings, per cubic yard, 
blocking course of rock ashlar, 18 inches deep in facing, abut 

ment, rings, spandiils, &c., per cubic yard, 
Plain string course, coping of parapets, wings, caps, &o., &a 

per cubic foot, . ... 

Dressed ashlar, in cornices, chamfered or plain arris, tooled round 

arrises, and sparrow*picked between, per cubic foot, . 
Moulded cornice, per cubic foot, 
Brick work (tuck pointed), per cubic yard, 

I 

Brick work set in cement, per cubic yard. 
Pointing brick work, per superficial yard. 
Pointing stone work, per superficial yard. 
Concrete^ per cubic yard, .... 

Puddle over arches, per cubic yard, 

Gulyerts, including foundations, 9 feet (stone), per lineal yard, 

6 feet, per lineal yard, . 
6 
4 
3 
Drains, do. 2^ „ 

2 feet square, 
18 inches, per lineal yard, 
15 
12 
Rubble drains, in slopes across roadway, or along dwarf wallS; 

per lineal yard, . . 

Cast iron, in girders, fixed, per lb., 
Wrought iron in girders, including bolts, 
Timber Work — Pitch pine piles, driven in water, including heads 

and shoes, . . ... 

Bed pine in foundations, including heads and shoes. 
Framed^ trussed, or wrought timber in bridges, Memel, including 
paint, spikes, and planking, ..... 
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Bed pine finmed, or planking planed or agSk^A, 

Do. do. not planed, 

Price of laying permanent way, single line (two lines of rail), aQ 

materials to be deliyered by the company, per lineal yard. 
Bubble breast walling, built diy, per lineal yard. 
One pair of iron gates, red pine potts, lock and lunges complete, 

and one paved crossing, including approaches, culyerts, &c., 



Bridges— 1, 
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KILLABNEY JUNCTION BAILWAY, 1852. 

Trinmiing and soiling slopes, per superficial yard, 

Excavation in earth, per cubic yard. 

Excavation in rock, per cubic yard. 

Diversion of rivers and streams, . 

Earth work in road approaches, per cubic yard, 

Boad metal and pitching, per cubic yard, 

Ditch and mound fence, per lineal yard. 

Fences on embankment approaches, per lineal yard. 

Ballast and boxing, per cubic yard, 

Laying permanent way, per lineal yard. 

Public road level crossing. 

Ten foot culverts, per lineal yard. 

Eight foot culverts, 

Six foot culverts. 

Five foot culverts. 

Four foot culverts, 

Three foot culverts, 

Two foot culverts, 

Fifteen inch drains, 
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LIMEBICS: AND EKNIS BAILWAT. 
Schedule of Pricetfor C<mtra€t Worh$, Extra Worki, and AddiHom 

firom Contra^ Worhi. 
^BlxcayatioiiSy exclnaiye of rock, whether wheeled to spoil or 

remoYed to embankments, per cubic yard, 
f^ock cnttings, per cable yard, ..... 

Excavations in road approaches, when made from nde cntting, 
per cnbic yard, •••••• 

Excavations in road approaches, when made from rock in side 

cuttings, per cnbic yard^ . • . . • 

^ence, ditch, and motmd, with qmcks and wire paling, per lineal 

yaro, ........ 

IKxcavations for fonndations, per cnbic yard, 
^^^lasonry in abutments, broken ashlar, including backing, per 
cubic yard, ....... 

iMasonry in foundation, backing, retaining walls, and buttresses, 
rubble, per cubic yard, ..... 

Hammered square arch sheeting, per cubic yard, 
Spandrils, broken ashlar, including backing, per cnbic yard, 
Bock-&ced and drafted string course, 18 in. by 6, per lineal foot, 
Itook-&ced and drafted impost blocking course, and wing wall 
coping, per cubic foot, ..... 

Pitched ia^ied ashlar quoins, newals, and pilasters, per cubic foot» 

Punched and chamfered ring pens, per cubic foot, 

Itock-faced and drafted ring pens, per cubic foot, 

Punched parapets (two &ces), per cubic yard. 

Punched and chamfered newel caps and plinth course, with 

chisel-drafted arrises, per cubic yard, . 
Coursed ashlar, in abutments and pien^ per cubic yard. 
Framed Baltic timber in bridges, per cubic yard. 
Malleable iron girders, fired and painted in three oils, per cwt., 
Malleable iron, in bolts and straps, per Tb., 
Clay puddle in arches, or behind masonry, per cubic yard. 
Koad diversions, exclusive of fencing, where excavations or 
embankments do not exceed 8 feet, 25 feet wide of altered 
surface, per lineal yard, .... 

Ditto, 12 feet wide, of altered surface, per lineal yard, . 
Fencing to road approaches, per lineal yard. 
Paved flagged drains, 2 feet square, per lineal yard. 
Culverts arched, and with inverts, 8 feet, per lineal yard. 
Bo. do. 4 feet, do. 

Do. do. 6 feet, do. 

Do, do. 6 feet, do. 
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Punting timber, per BqnAire yard, 

Fann-road bridges and cattle psasea, eacb, 

PubUo road level crosEing^ with BinmltBuei 

Tield croBsliigB (gat«e nad approacliea), . 

BaUosdng anil boxing, including trimming, &c., 

Stone pitchiDg, per cniliic yard. 

Laying pennajient way, includiog carriage and 

lineal yard, .... 
Retaining wallj at foot of cuttings, and eml 

yards to Uie yard forward, per coble yard, 
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per cubic yard, 
matenala, per 
nenta IJ oniric 



BELl-AST AND BALLYMENA RAILWAY. 
SckediiU rc/emil to in Specijicalion. 
FennancnC fencing, per yard, Including quicke, . 
Dwarf vails, in cxcarationa, per yard lineal, 
Pitcliing and ballasting of the permanent way, per mile, of double 

Boxing of tlie permanent way, per njiJe, of single 1 

Laying permanent sleepers, ruls, and chairs, per mile, of single 

"T. 

Maintenance of permanent way, for 12 months, single lino, 
Level crossings and gatea, complete, for field or occupation roads, 

according to No. 3 Plaji, ..... 
Level crossings for public roods, gates, complete, according t< 

drawings, No. i and No. ia Plans, .... 
Price of excavation, in foundation of bridges, &c., where scooping 

and pumping necesaary, per cubic yard, 
liublilo drain, in catting, with tile at bottom, as spedfied, per 

BiiildingIS inch brick or stone culverts, Including front and wing 
walls, with pumping and puddling, per yard lineal, 
'A feet fl inoLes Culverts of stone, per lineal yard, 
a „ 6 „ do., 

5 „ „ do., 
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Bubble masonry, in mortar, inclnding labour and materialB, per 

yard, cubic^ ..... 
Hammer dresEting on face, per yard, superficial, 
Pick dressing on face, per yard, superficial. 
Brick- work (Dungannon fire bricks,) in mortar, plain work, 

including labour and materials, per yard, cubic, 
Brick-work in arches, in mortar, per yard, cubic. 

Bo. in cement, per yard, cubic, . 
Brick-work in cement, plain work, including labour and 

materials, per cubic ylfrd, 
Stone quoins of Tandree or Dmigannon stone, dressed and set, 

per cubic foot, ..... 

Coping of bridges, as in specification, set, per cubic foot. 
Spring course, as specification, of do., per foot, cubic, . 
Metalling of turnpike roads, per yard, superficial, 
Do. public roads, do., 

Do. farm or occupation, do., 
Excavation by barrow-nms of 25 yards, per cubic yard. 
Do. for each additional run, per yard, cubic. 
Excavation in gravel, till or clay, where lead is J of a mile, 

per cubic yard, 

i 

i 

Excavation in gravel, till or clay (where lead is 1 mile), 

per cubic yard, 

u 
u 

2 

n 

2J 
3 
Timber in girders, piles, &c., per cubic foot. 

Do. 4 inches planking, complete, including spikes, per 
superficial yard, ...... 

Timber wrought in hand-rail, fencing, gates, &c., per cubic foot. 
Cast iron in girders and heavy castings, per ton, 

Do. in railing and light casting, „ 

Painting in oil, 4 coats, ...... 

Act, July 21, 1845. 

Opened, 11th April, 1848. 
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ULSTER BAILWAY EXTENSION. 

Schedule of pricet, 1856. 

Reprice, per yard, of temporary fencing, . . 6 

The price of permanent fencing, consisting of ditching and 

qnicks, at per lineal yard of single line, • . . 10 

^e ayerage price of the whole excayations, with the slope of 
the ezcavationB and embankments completed as described in 
the specification, at per cubic yard, . . . . 9 

The price of brick- work, set in mortar, at per cubic |prd, 10 

Do. do. in cement, do. . 16 

Hie price of whinstone nibble work, set in mortar in random 
courses, at per cubic yard, . . . . . 7 

The price of ashlar, dressed and set, the faces of the stones 

chisel-dressed, at per cubic foot, • 2 

Do. do. do. rustic chamfered joints, 

at per cubic foot, . . . 2 3 

The price of string courses and copings dressed and set, 

at per cubic foot^ . . . . . . 2 6 

The price of paved crossings, referred to in the specification or 
marked in the section, at per square yard, . . 7 

The finding and erection of gates connected with the paved 
crossing, referred to in the ^ecification or marked on the 
section, including posts, gates and fencing, at per gate, 20 

The price of laying brick or stone drains under bridges, at per 
lineal yard, . . . . . 10 

Metalling the surfaces of diverted roads, or roads forming the 
approaches to bridges or paved crossings, at per superfi- 
cial yard, . . . . . 9 

The price of maintAining and keeping in good' order the single 
line of permanent way, from the period of one year after the 
completion of the whole of the works, at per mile, . . 90 

The price of excavations in foundations where pumping and 
■cooping is necessary, at per cubic yard, 10 

The price per cubic yard of rock ashlar for bridges, as described 
in specification, 12 

19th November, 1856. 
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[14th April, 1867.] 
M. B. MULLINS, Esq., Vice-Preaident, in the Chair. 

On the Economy of Scavenging and Repairing the 
Streets of Dublin, compared with that of Scavenging 
and Repairing the Streets of Lambeth, in London ;** 
by R. H. Frith, Esq., Member. 

Investigation of the causes which tend to shorten the. 
duration of human life in cities, is a work worthy of the 
philanthropist ; and an Engineering association, in neglecting 
to point out defects, the removal of which would prolong life or 
alleviate the condition of the working classes, fails to discharge 
a duty to its country. 

The health, comfort and longevity of the inhabitants of 
cities and towns, depend on an adequate supply of pure water, 
good drainage, and cleanly scavenged streets, lanes, and 
alleys; in proportion to the neglect of these sanitary essentials, 
contagion is propagated, and life abridged. ^^ It appears from 
the Register-General's return, that the average duration of 
life in Bermondsey is only twenty-two years for the whole 
population," (caused by defective sanitary arrangements.) — 
Evidence of Surgeon Wagstaff before the Metropolitan Sanitary 
Commissioners^ page 17. 

Ancient rulers appear to have considered it their duty to 
provide an adequate supply of water for the cities under their 
dominion, — the Babylonians, under the direction of Queen 
Semiramis; the Egyptians, under Sesostris; the Hebrews, in 
the reign of Solomon; and the Romans, under Appius 
Clandius. 

The great resources of the Romans, in men and money, 
enabled them to execute aqueducts for the conveyance of 
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water to several cities in the countrieB to whieh, by coaqtiMti 
their dominion extended, as well as to those of Italy; and not 
only did they devote much skill and enterpvize to the 
Biipplyin^ of their cities with water, but provided them also 
with well-maintained streets and tlie most perfect and efficient 
system of drainage. In speaking of the latter, the talented 
author of the Antiquities of Rome says : — " I took some pains 
when the water was not very high in the Tiber, to examine 
the great sewer, now rendered useless from the deposit at its 
mouth, and the great elevation of the bed of the river above 
what it was when this sewer was constructed. It is H feet 
in width, and 32 feel in height, constructed of large and 
massive blocks of Albano stone, called pepperino, and has a 
semicircular arch formed of three rings of voussoirs." 

Those silted-up sewers now form elongated cesspools, and 
send forth miasma containing contagion, disease, and death, to 
remedy which, Pio Nono considered it necessary to retain the 
professional services of Mr. Henry Austin, C.E,, for the 
purpose of reporting on the best system for re-establishing the 
drainage of the Eternal City. 

What has occurred in the Tiber, is only prevented from 
occurring in a less degree in the Liffey, by the well-directed 
exertions of the Ballast Board. 

In considering the comparative suitability of pavement or 
Macadamizing for streets, and the scavenging, repair, and 
maintenance of them, in places differently situated, and at a 
distance from each other, it will be necessary to compare of 
those places, severally, — 1st. Climate. 2nd. Traffic. 3rd. 
Subsoil. 4th. The cost of procuring labour, and the several 
materials necessary for construction and repair ; and in pro- 
portion as these bear on the execution and stability of the 
work, in either place, it becomes cheap or dear accordingly. 

The effects of the climates of England and Ireland on 
Macadamized roads, consist in the disintegration of the surface 
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l>y froBt, softening by rain, and ravelling from parching winds 
^md heat. The two former injuriously affect city streets; the 
^"vil arising from the latter may be said to be neutralized by 
^lade. I have not been able to find any authority on the 
^xaet cost of remedying the injury caused by frost toMacada- 
vsiized carriage-ways, but from observation 1 am induced to 
«5barge an additional week's wear for the extra material and 
labour required for surface repair after a thaw of 12 degrees 
«Df frost. Rain is much more prevalent in Dublin than in 
UiOndon, especially in winter. The summer'a escess of rain 
3n Dublin, during its continuance, prevents the necessity, and 
consequent cost of watering. 1 am of opinion that the excess 
of frost in Londoo, and its effect on the tenacious subsoil of 
the streets, balances the injurious excess of rain during winter 
in Dublin, and therefore consider the climates equal as affect- 
ing the maintenance of streets. 

2nd. Tragic.— In the Lambeth district of London the 
traffic is at least 50 per cent, greater than in Dublin. There- 
fore streets should be maintained proportionably less in 
Dublin. 

3rd. SubMoil. — In Lambeth the subsoil is wet, tenacious, 
and generally below the level of the tide ; in Dublin it ia dry 
gravel, and generally above the rise of the tide ; consequently 
streets are more easily maintained in Dublin. 

4th. Material and Latiour. — On the convenience and 
facility of procuring these, depend the cost of maintaining 
a road in repair. The material used for the surface 
repair of the London streets is Guernsey granite — a stone 
inferior to the Dublin Trap-rock for road repairs. It is 
taken from a distance of more than 300 miles from London, 
and having been twice transhipped, is delivered on the streets 
in Lambeth, at ISs. 6d. per yard — which may be considered 
cheap, taking into account the distance and number of times 
it has to be shifted. The Trap-rock is, I believe, delivered 
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on the streets of this City, from the Dublin hills, distant 
under eight miles, for fie. 2t!. per ton, first having been 
discharged, unbroken, at the Contractors' depots at Fir-house, 
for Is. 8d. per ton, and at Kimmage, for 2s. per ton. These 
unnecessary loadings and unloadings, added to the second 
profit for the Kimmage and Fir-house contractors, raises the 
price of the stone above its legitimate value. Were scientific 
appliances used in quarrying, it would enaure an adequate 
supply of stone, suited to the requirements of the traffic, and 
effect a saving of labour and expense. 

The mode of repairing the streets of Liverpool has been 
brought under our consideration, as being worthy of imitation 
in Dublin. The oost of procuring stones suitable for Maca- 
damizing, rendered pavement there an absolute necessity. 
Dublin, on the contrary, possesses an unlimited supply of the 
finest stone produced in the world, admirably suited for every 
description of street repair, which can be delivered for 
Macadamizing purposes in any quantity. It ia to be regretted 
that the mode of st-reet rep^r carried out in Birmingham, has 
not been quoted as more suitable for Dublin than that 
practised in Liverpool, 

The Macadamized streets of Birmingham rank amongst the 
first in England; and if we are to consider Graf ton-street as a 
specimen of pavement on the Liverpool pattern, it is an 
expensive failure. It has been laid down not more than four 
or five years, and is in course of being taken up and re-set for 
the second time within the last twelve months. 

If we are to be compelled to rattle over paved streets, then 
let them be composed of the beat materials that can be 
obtained for the purpose. Such may be procured in abundance 
from the Greenstone quarries (when properly opened,) and 
the chippings may, with economy, be used for Macadamizing ; 
thus preventing the importation of a decidedly inferior stone, 
and advantageously employing the labour of our population 



OF CIVIL BKOINEBRS OF IRELAND. 109 

where the taxation is raised, instead of expending our money 
on foreign labour. 

Previous to commencing this paper, I wrote to the Chair- 
man of the Committee having charge of the repair of the 
streets, the following letter : — 

^^Terenure Tebrace, Roundtown, 

'' February 2lst, 1857. 

"Sib, 

^^May I request you will be good enough to allow a list of the 
streets, lanes, and alleys, repaired by the Corporation of the City of 
Dublin, to be forwarded to me, distinguishing those that are paved from 
those that are Macadamized ; together with the mileage of each separately. 
"I wish the information for a paper I intend to read before the 
Institution of Civil Engineers of Ireland, on the economy of repairing and 
scavenging the streets of Dublin, compared with that of those of Lambeth, 
in London. Any cost that may be incurred in writing out the list, shall 
be paid by, 

" Your very obedient Servant, 

"R. H. FRITH. 
" To the Chairman of No. 1 Committee, dty-HaUr 

Not having received a reply, on the 14th of March I again 
wrote as follows : — 

" Tebenure Tebbace, Roundtown, 

''March 14^, 1857. 
" Sib, 

'^ On the 21st ult., I addressed a letter to the Chairman of Com- 
mittee No 1, a copy of which is herewith sent. May I request you will 
be kind enough to inform me if it be your intention to allow the 
information therein set forth, to be forwarded. An early reply will oblige 

" Your very obedient Servant, 

"R. H. FRITH. 
" To the Chairman of No. I Committee, City-HalV 

On the 20th of March, not having received any acknow- 
ledgment of my former communications, I wrote to the Editor 
of Saunderi News Letter^ — 
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" TEHENuse Tbkbacb, Rotnmrowv, 
''20th March, 1857. 
"Sib, 

"The enclosed are copies of letters four weeka since addressed to 
the Chairman of the Committee having charge of the repairs and 
scavenging of the streets of the City of Duhlin, and to -which I have 
recdved no reply. May I request the favom- of yonr pnhliahing them, in 
order that the citizens may judge whether the eiippreseion of the 
information therein requested, is likely to aid in the reduction of tl 
taxation. 

" I have the honour to be, Sir, &c., 

" R. U. FRITH, C.E., Couni 



Which brought the following prompt reply from 
Secretary: — 

" Corporation or Dublin, SGCRErAKv'a 
" Citt-Hau^ Coumittee No. 1, 

''Dublin, 2\st day of March, 1837. 
"Sm, 

" I am directed by this Committee to acknowledge the refldpt of 
your letter, and to state that the matter referred to therein is under their 
coiuider&tiou. 



" Your obedient Servant, 



"J. EEILLY, Si 



"K. H. Frith, Esq., TerermrB Terrace, Roundtou>n." 



i'«cr4^H 



As those gentlemen are, I suppose, still considering the 
matter, possibly in connexion with the improvement of the 
Dublin streets, I presume the reply will arrive when the 
streets shall have been freed from mud and made passable. 

This course of suppressing official information pursued by 
gentlemen of the Corporation of Dublin towards a Member of 
this Institution, contrasts unfavourably for them with the 
facility given to me in London, in procuring the Lambeth 
schedule of prices, which I subjoin for their information : — 
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Road Materials, &c., 

To be deliyered in the Bishop^s, Princess, and Marsh and 

Wall Wards. 

Guernsey broken granite (bird's-eye) at per cubic yard. 
New 2^ -inch Eland edge York paving, Aill thickness, to be 
quarry measure, at per hundred feet superficial, . 
3-inch York paving, fuU thickness, .... 

1st class rock-hill stone, long lengths, with sawn joints, at 

per foot superficial, 

„ 2nd class da do. do., 

„ 4-inch round sorrel pitching, at per ton, 

(To be delivered to the Outworks, Nos. 1 and 2 ) 
Gaemsey broken granite (bird's-eye) at per cubic yard, 

(To be delivered alongside any Wharf, as ordered.) 
Guernsey broken granite (bird's-eye) at per cubic yard, 
New 12-inch by 6-inch Aberdeen granite, edge kerb, at per 

foot run, 



»» 



?? 



£ 8. 


d. 


15 


4 


2 10 





2 18 








8 





7 


1 6 






15 6 



14 3 



^» 



11 



11 



11 



12-inch by 6-inch circular 
12-inch by 6-inch flat 
12-inch by 8-inch flat 
12-inch by 8-inch circular 



do. 
do. 
do. 
do. 



do., 
do., 
do., 
do.. 



Purbeck edge kerb, not less than 10 inches by 6 inches, in 

lengths of not less than 2 feet 3 inches, and ends dressed 

square to not less than 8 inches deep, do., . 

New 12-inch by 6-inch Penryn granite, edge kerb, do., 

12-inch by 6 inch flat do. do., 

1 2-inch by 8-iuch flat do. do.. 

Circular do. do., 

Aberdeen granite cubes, at per ton, 

4-inch by 7-inch do. do., . 

Mason's and Paver's woik, to supply and lay in any part 

of the parish. 
12-inch by 6-inch Aberdeen granite, edge kerb, at per 

foot run, 

12-inch by 6-inch circular do. do., 

12-inch by 6 inch flat do. do., 

12-inch by 8-inch flat do. do., 

12-inch by 8-inch circular do. do.. 



11 



11 



11 



11 



11 








2 







3 







3 







6 







7 








7' 





1 








1 








1 


4 





1 


5 


1 


3 





1 


6 






11 



yj 



11 



11 








4 







5 







5 







8 







9 
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New Purbeck edge kerb, not leas tbaii 10 uicbcs by 6 iocbes, in 
It^gths of not less than 2 I'eet 3 inches, and ends dres^ 
square to not lesa than 6 inches deep, per foot : 
„ 12-incb by 6-inch Peiiryn grftiute, edge kerb, i 
„ 12-inch by 6-ineh circular do. i 

„ 12-inch by 6-inch flat do, i 

„ 12-mcIi by 8-inch flat do. i 

„ Circular do, i 

„ 3-tncb by 9-jnch Aberdeen granite cubes, grouted witb 

sand and lime, at per yard superficial, 
„ 4-inch by 7-inch do. cubes, do., 
„ 4-inch by 4-incb Mount-Sorrel pitching, do.. 
Concrete, 6 inches thick, do.. 

New 4-inch by T-inch Aberdeen granite cubes, dressed for 
crossinga, do., 

„ aj-inch Eland edge York paring, fidl thiiiness, at per 

foot superficial, 

„ 3 -inch do. do. da., 

First-clasa rock-hill atone, long lengths, with sawn joints, 
superficial. 



Second-class 



do. 



do. 



do., 



Taking up and relaying carriage-way pavements, grouted with 

sand and lime, at per yard superficial, 
TaMng up and relaying carriage-way pavement, laid with 

gravel, do., .... 

Taking up and relaying kerb, at per foot run. 
Taking up and relating and squaring old paving, at per foot 

superficial, - . 



7 

8^ 
7J 



1) li 



The taxation of Dublin for the present partial scavenging 
and repair costs £26,800 per annum. This by no means 
represents the cost paid by the citizens, as each householder is 
obliged to have the path swept before his door. The City 
cont^ned, in 1851, 24,317 houses; we may espect that the 
Dumber has not since decreased ; and taking that as the pre- 
sent number, at Id. per house per week for sweepin;^, amounts 
to £5,066, which, atlded to £26,800, makes £31,866, the 
annual amount paid by tlie citizens for scavenging, repiuring, 
and watering the streets of Dublin. 
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It is impossible to have good roads without good scavenging, 
and from the uegleet of scavenging comes the expensive, dis- 
gusting, and unhealthy practice of bucketing up in the streets 
daring the day the contents of the sewers. The cavity formed 
by the disgorging operation is quickly filled in by the inex- 
haustible supply from above, which, during rain, is liquified 
and carried into the Liffey, accompanied by the animal matter 
contained in the cesspools through which it passes, and is 
afterwards deposited on either side of the river, where it lies 
exposed to the influence of the atmosphere, a decomposed and 
putrid mass, emitting an intolerable stench, and poisoning not 
only the atmosphere of the quays, but that of the houses, 
iliorteDing the lives of the inhabitants, and seriously depre- 
dating the value of the adjoining property — all which evils 
are traceable to defective management and scavenging. 

Were it only for ecouomy the mud should be removed from 
the surface of the streets, in preference to the present motle of 
diving after it into the City aewers and river. So long as this 
practice esists, whilst contagion is fostered on the streets, in 
the sewers, and river, vain will be the skill and exertions of 
physicians in the removal of disease ; their labours, like those 
of Sisyphus, will be fruitless and interminable. 

The length of the Dublin streets, according to civic autho- 
rity, is 108 miles, in which measurement I by no means concur, 
as the City boundary, for upwards of three and a-haif miles, 
passes along the centre of roads, one-half of which arc in the 
County of Dublin, although generally repaired by the City. 

It appears to me that the money paid by the citizens for 
road repairs should be confined to the repairing of those within 
their jurisdiction, particularly as the greater portion of this 
reputed length is not more than half repaired, many of the 
streets in the North- Eastern suburbs of the City being scarcely 
passable, and some of the leading thoroughfares in a rutty 
condition, and plentifully coated with mud. The expenditure 
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on the streets during the past year amounted to £26,800, being 
at the rate of £248 per mile per annum. The rates of labour 
and prices paid for material in Dublin and Lambeth respec- 
tively, are in — 


1 


p 


....„ 


,..„. 




Ubour,. . Is. 6<1. 

Man and horse, 5s. Od. 

Broken Gtoae per ton, } 
6s.2d._7s. percu- > 
bic yard. J 


3s. Od. per day, being 100 per cent, otet Dublin. 
8a. 6J. „ 70 

15a. 6d. per c. yd., being 121 „ 




With these prices, which are over 100 per cent, more than 
Dublin prices, the Lambeth vestry creditably maintained and 
scavenged 86 miles of streets, bearing at least fifty per cent, 
heavier traffic than those of Dublin, for £24,000, or £279 per 
mile per annum. Had Lambeth labour and material at Dublin 
prices, the work which costs there £279 per mile could be 
executed for £133 per mile. Yet, with all the advantages 

streets, they are the only roadways in Ireland destitute of pro- 
gressive improvement. How is this? Are they beyond the 
reach of engineering skill? That they are not, without fear of 
contradiction, I unhesitatingly assert. 

Six years having passed without improvement in the City 
streets, some other more advantageous method should be 
adopted for their management. It is but a lame excuse that 
the Corporation have not power to give contracts for more 
than three years. Parliamentary authority might easily be 
obtained to remedy this law ; and the saving in one year's cost 
of maintenance would cover the expense of obtaining an Act 
for that purpose. 

From the present condition of the streets it is not to be ex- 
pected that the City could bear the taxation required promptly 
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to put them in repair. To attain this desirable end, I would 
suggest, as the most judicious mode, that the repair and sca- 
venging of the streets be let, under a practical working speci- 
fication, for a period of seven years, at a sum not exceeding 
£26,000 per annum. At the expiration of this contract, should 
it have been efficiently fulfilled, the after maintenance of the 
streets could be executed in contracts of three or five years, 
for £14,364 per annum, being the proportion that labour and 
material procurable in Dublin bear to those of Lambeth ; but 
the streets of Dublin having been originally badly formed and 
bottomed, I would be disposed to add 25 per cent, to £14,364 ; 
this amounts to £17,955, for which they could be efficiently 
maintained. This would efiect a saving of £8,845 per annum, 
a sum sufficient to warrant a change from the present defective 
and expensive plan of working. 



[2Sih April, 1857.] 
M. B. MULLINS, Esq., Vice-President, in the Chair. 

The discussion upon the paper by R. H. Frith, Esq., Member, 
^' On the Comparative Cost of Street Maintenance in Dublin 
and at Lambeth, London," being resumed, was continued 
throughout the meetbg. 
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pithMaj, 18S7.] 
0. W. HEMANS, Esq., President, in the Chair. 

On Beams antf Girder Bridges. — By William Anderson, 

Esq., Associate. 

Thb great diversity of opinion that has prevailed with regard 
to the proportions of the several parts composing a girder, has 
induced me to bring the subject of Beams and Girder Bridges 
before the Members of this Institution, in the hope that my 
remarks will provoke diacussiona, during which more facts, 
more theories, as to the real nature of strains developed in 
girders under different conditions, will be elicited. 

Deeply sensible of my own unfitnesato conduct the inqmries 
I have undertaken, I throw myself upon the kinduess of the 
Institution, begging its members to remember that it ia I who 
am seeking information, not presuming to offer it. 

I will endeavour, as much as possible, to arrange the subject 
in proper order for rigid scrutiny ; first determining the mag- 
nitude and direction of forces brought into play, and then 
proceeding to suggest the beat means of counteracting them. 

In all girders, of whatever form, we have three important 
parts; the top and bottom flanges, and the web or medium by 
which they are united. Confining ourselves to horizontal 
girders, with vertical forces acting on them, we have to consider 
the varieties of load as distributed, concentrated, or moving, 
placed on the top, or hung on the bottom flange, and under 
these several conditions trace the str^ns on the three com- 
ponent parts of a girder. 

The first and simplest condition obtains when the load is at 
the centre of a girder, supported at each end aa in figure 1, 
when A B = W represents the load, and C and D the supports. 
If a support were introduced at any point x, and the weight 
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relieved by it from the nearest abutment C, the pressure on x 
would be expressed — 

Pressure on 4r= — ^ = P. 

Where /=:span, S= distance of x from D. 

If S = -, pressures P=W. 

IfS = /, P=^ 

From this equation it is evident that vertical lines drawn from 
the beam to the right lines A F and A E will correctly represent 
the vertical pressure at any part if F C=^ A B. 

It needs no illustration to demonstrate that the same load 
travelling from end to end would successively produce a vertical 
pressure equal to itself, and that a line parallel to the beam 
through the point A, would represent geometrically its maxi- 
mum effect at any point. 

It is equally evident that with the weight W uniformly 
distributed, the support x would have to sustain half the weight 

of each section of the load — -i- = -^. W and W being: 

2 2 ® 

the value of the respective sections of the load acting at their 

centres of gravity, and in this case also a line parallel to the 

W 

beam with A B =: -~ will define the vertical pressure at any 

point. — (See fig. 2.) 

When a beam is in a state of equilibrium, however loaded, 
the point x is supported by the resistance which the upper 
flange offers to compression, and the lower to extension. The 
load produces a reaction on each of the piers supporting it, in 
inverse ratio of its distance from either pier, and this skeleton 
diagram will illustrate precisely the state of the forces induced. 
(See fig. 3.) 

d represents the depth of beam, S the distance of x from the 
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pier, C the compressing force on the upper &ange, and E the 
extending' one on the lower. 

Therefore P'S = Cd'+Ed", 
C, howeyer, must be equal to E, or positive tendency would 
exist to move in the direction of the larger force, which is not 
the case, so that 

P'S=C {d' + d") = Cd=Ed. 
P'S 



Therefore E=C = 



Now for a beam loaded at the centre only, from fig, 1 it will 
be seen that the reaction P' on the pier from a force P at a 
point X, may thus be deduced : — 

p_w; 

2S 

Taking the momenta of P' and P round the end D, P S = P7 
PS 



i 

twill 

it 8i^^ 



p,_W( s^ 
as" ; 



4 



Substituting this value we have 
„ W S 

If S = ^then E=^^_ 
2 4rf 

Also S'=0, E=0, so that straight lines from the enda 
of the beam to the line of greatest strain at the centre 
would define geometrically the tension on any part of the 
flange. 

Again it has been shown that a uniformly distributed load 

W produces a vertical pressure of --- at any point x (fig. 2), 
and the reaction of this pressure on the piers. 
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WS 



F = 



2/ 



^ . p^_PS'_WS S^_WSS^_ WS(/— S) 
^"^ ~rf~-"27^\/" ^Id'" 2Td~ 

Let S=0, then E=0 

Let S = S'= - then Ezz^-^ the familiar equation for strain 

2 p a 

produced at centre of flanges by a uniformly distributed load. 

(See fig. 4.) 

Let a be the sectional area in square inches of a wrought 

iron flange, then a 20 tons will be its ultimate strength, if 

we assume 20 tons per square inch as the average tensile 

strength of wrought iron — then 

.'. W = — J = breaking weight uniformly distributed, 

or — = — ^ for the breaking weight in the centre. This is 

the formula deduced from the experiments made during the 
progress of the Britannia and Conway tubular bridges. 

Up to this point we have altogether neglected to inquire 
into the forces developed in the vertical faces or webs ; it is 
necessary now to examine what these are, and to observe how 
they affect the equations we have obtained. It is clear that 
the two vertical and opposite pressures — namely, the load and 
the reaction of the piers cannot produce the horizontal forces 
in the flanges, without some sort of diagonal strain passing 
through the web. — (See fig. 5.) 

Thus, if C O (fig. 5) represent the load hung in the centre 
of the beam AB, and CK = E represent the strain in the 
bottom flange due to that load, then because only one-half of 
W is producing the strain K C (the other half straining the 
top flange to an equal extent), the resultant C M of the forces 
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W 



and E should represent in magnitude and direction 1 



the strfUD in the web. Producing C M to its iiitersecti<^ 
L with the top flange, and dropping the vertical line L £ 
have A L C B similar to A C K M, and therefore 
KC:KM = BC:BL 
W 



orE: 



= BC:d 



2Ed , 



W/ 



■.BC = 



other words, the strain will be carried i 



direct line to the pier by tension through the web. Similarly 
we may suppose half of W is carried vertically through the 
web to the top flange, and then by similar reasoning a result- 
ant may be found transmitting a thrust to the pier at B. 
It is hardly necessary to show how, assuming that the strmus 

do actually pass as explained above, the formula E = — -- may 

be obtained. We have seen 



Also in a uniformly loaded beam it has been shown that 

vertical pressure at any point is - -, consequently the strain 

E is produced by one-fourth of W only, and the proportJ 
above would stand 

,..w_;.. 



I 



Whence E = ^-j^ as already obtained. 
Now the forces C L and R B being opposite in directtj 
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and in most cases at an acute angle to each other, would 
doubtless neutralize one another to a certain extent — would 
produce in fact resultants at right angles to each other, and at 
an inclination of 45^ to the flanges. That this actually takes 
place we have abundant evidence in Edwin Clark's description 
of the experiments made on the large model of the Britannia 
Tube. We have to regret, however, that no drawings have 
been published of the injured sides, so that the student of 
these magnificent experiments must trust more to Mr. Clark's 
description and to his own imagination, than is altogether 
safe. Had photography reached its present state of perfection 
in those days, what an invaluable record we might have had 
of these costly investigations ! I have pointed out how the 
strains in the plate sides of a beam may interfere with each 
other, and the suggestion naturally presents itself of trans- 
mitting these strains through independent channels, expressly 
adapted to withstand the peculiar nature of the force. This 
indeed has been most successfully done ; the consideration of 
that important achievement, however, cannot be included in 
the limits of this paper, I must therefore crave permission once 
again to trespass on your patience at some future meeting. 



[16th March, 1858.] 
M. B. MULLINS, Esq., Vice-President, in the Chair. 

On Beams an^ Girder Bridges (PartrS) By William 

Anderson, Esq., Associate. 

In the paper I had the honour of reading in this Institution 
last session, I endeavoured to ascertain the magnitude and 
direction of forces acting on the chords or flanges of beams, 
and concluded it by showing that diagonal forces, difficult to 
define, must be in operation in their vertical portions or webs, 

L 
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and stated that these diagonal strains might be turned into 
certain channels, where their magnitude might be measured, 
and directions varied at will. My immediate object this 
evening will be to examine the properties of diagonally braced 
beams. 

The trussed beam represented in fig. (i is very commanly 
employed by carpenters for spanning considerable openings 
and is perhaps the simplest form of girder, and therefore best 
suited to exhibit the nature of the arguments I propose to use. 
The essential portions of the beam are ACD B, also the 
vertical bars C E and D F, when the load is placed on the 

bottom flange; / is the span, and AE=EF=F13= . Let 

us suppose a load W to be uniformly distributed along the top 
of the beam, in which case those portions of the flanges 
between the supports, which must be quite rigid, would act as 
short beams, and carry half of the load resting on them to 
each of their extremities. In this way the point C would 
have to carry half the weight on L C, and half on C D, equal 



diagonal C A, leaving a resultant C D to be balanced by the 
similar distribution of forces due to the resolution of — 
through D B and D C. The strain on C A would bear the 



same proportion to - that its length does to a 
~ 3fl 3d 



, strain on CA=^^ — ^^'*' —^d''. 



The strain E on the flanges also would be as much greater 
than - as A h is longer than rf, so that e. = -^ — s — j—ttj 

or generally F, = -^. Now the formula obtained in the earlier 
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W/ 

part. of this paper made E= — - for a plate beam, or greater 

W/ 
by ^— -, which is easily explained when we consider that the 

load is virtaally concentrated, by the innate stiffness of the 
flanges, at C and D, and so rendered incapable of producing 
its full effect, just like what would be the result of placing a 
stiff beam of one-tEird the length along the middle of a plate 
beam, thereby relieving the weight off the centre. 

If, however, a beam of this kind be loaded unevenly, say 
by a weight concentrated at C, the resultant along C D meets 
with no equal and opposite force, and the beam will conse- 
quently collapse sideways; by introducing a diagonal E D, 
however, this may be remedied ; for, supposing the weight on 
C to be 16 tons, Z=:24', c/=3', and a=8*54, we have the 
following result : — 

The 16 tons at C is carried by the two piers A. and B in 
inverse ratio of this distance from C, that is, as 2 : 1, A carries 
1 0*66, B carries 5*33, and these pressures must travel from C 
along the diagonals and flanges, so that strain on A C : 10*66 
= 8-54:3. 

. • . strain on A C =30*3 tons. 
Strain on CD: 10-66 = 8:3 = 28-4 tons. 
The reaction of the pier B, when resolved along B D and 
D C will only yield half these strains, as well as an unbalanced 
upward force of 5-3 tons at D. But if the pressure of 15*15 
tons along D B be resolved along C D and E D, the balance 
is immediately restored ; for then 

Strain on C D : 15-15= 16 : 8*54. 
Strain on C D = 28'4 tons, equal to that from C to D. 
While a tension of 15*5 tons acts along the diagonal D E. 
By introducing a corresponding diagonal from C to F, the 
beam is made secure for any kind of load. This arrangement, 
however, labours under the disadvantage of having the most 
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severely strained parts in a state of cotnpressioii, and therefore 
of unstable equilibrium. By turning the beam upside down, 
this maybe corrected, and the diagonals L E, MF {fig. 7) 
brought into a state of tension. A combination of these two 
varieties, shown by fig. 8, will at once be recognized by those 
who remember the Exhibition of 1853. The beams used in 
that building were tested by Mr. Fairbairn, at Mr. Dargan's 
request, and alterations suggested in consequence — the wisdom 
of which I am inclined to question. A load of 32 tons was 
laid on, principally between the uprights C and D; a deflec- 
tion of 1-6 inches was obtained, the bars A C and D B, being I 
80 much bent and puckered that it was considered unsafe to 
continue the experiment. Mr. Fairbairn, in commenting on the 
behaviour of the beam, very justly recommends T or L iron 
for the struts A C and D B, but counsels the entire removal 
of the middle diagonals, which were found to be perfectly 
slack, and the substitution of a vertical wtruE in the centre; 
whereas, by what we have seen, it is evident that had 
the load been moved a little nearer either end of the beam, 
one of the middle diagonals would at once have come into 
play. The proportions of these beams are represented in 
fig. 8, so that 

Strains on A C and L E : 16 tons=8-54 : 3. 
6x8-54 



I 



.■. Strains on A C and L E = 5~~ =45'5 toi 

Strains on CD or EF: 16 tons = 8 : 3=42-7 tons. 
Now the lattice bars were 3"xi", giving, after derluctioj 
^ inch rivet hole, a sectional area of 1-12 square inches each; 
and supposing the strains to have passed along them in equal 
portions, it follows that this must have been at the rate of 20'3 
tons to the square inch, so that the bars L E and FM must 
have been very nearly on the point of rupture, especially as 
the buckling of the struts C A and D B probalily threw more 
weight on them still. 'I'he bottom flange was composed of 
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two bare of 3"x3"xi L iron, the area of which, exclusive of 
a I inch rivet hole in each, would be 2^ square inches, strained, 
as we have seen, by a force of 42*7 tons, or at the rate of 
17 tons per square inch. The top flange was composed of 
3''x3^^Xf L iron, with an area, including rivet holes, of 4*3 
square inches, bearing a pressure of 1 tons to the inch. It 
is manifest, therefore, that the beam would have failed in the 
lattice work, and not in the flanges, consequently Mr. Fairbaim 

commits an error in adapting the formula W=-— to lattice 

beams, by diminishing the constant C from 80 to 72, so as 
to give a larger sectional area to the flanges, whereas increasing 
the strength of the flanges would not have made the beam any 
stronger. 

The vertical strut in the centre would give only as much 
support to the load as the innate stiffness of the bottom flange, 
considered as a beam, could afford, which would be insignifi- 
cant, whereas the cross strain thrown on a chord in violent 
tension would certainly be injurious. 

i have dwelt thus minutely on this subject, because I have 
seen so many designs for girders, in which the lattice work 
was lefit of the same scantling for beams of different strength, 
the designers fancying that it was only necessary to augment 
the size of the flanges, in order to increase the strength of the 
beam to the same extent. Mr. Fairbaim also calls the trellis 
beam ^* an imperfect double flanged beam," which I cannot 
allow, except, as in the case of the Exhibition girders, the 
lattice work is improperly proportioned to the strength of the 
flanges, in other respects it is well known, and will presently 
be demonstrated, that lattice beams do not require larger 
flanges than plate beams. The shorter a column under 
compression is, the less liable will it be to yield, while the 
length of a bar in tension does not affect its strength ; so one 
object to be aimed at in arranging the lattice work of a beam 
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is to keep the struts as short as possible. This may be attained 
in the following arrangement. The element 2 1 1 2 of the beam 
in fig. 9 is the same as in fig. 7, the property of whidi we have 
already investigated, but its ends, instead of being supported by 
a pier, rest on the struts 22 of a larger external beam; this ag'ain 
is supported by the ties 3 2 2 3 of a still longer b^un resting- on 
the struts 3 3, and so on till the piers are reached. Supposuig- 
the beam to be uniformly loaded, the struts 1 1 will support 

-^ each, and the strains on diagomds 1 2 : =ia : d, 

. * . Strains on diagonals = — —. When the strain reaches 

2 it resolves itself horizontally through 2 1, and vertically 
through 2 2, passing down 2 2, together with the portions of 

W 2 W 

the load immediately over 2= — , so that are resolved along 

2 W a 

the diagonal 2 3 and 2 1 = — -— . In this manner 3 4 carries 

n d 

r- and the dia&fonal at 5 6 bears — , the strains in- 

nd ^ nd 

creasing in arithmetical progression, so that the last strut 

6 W W 13 W 

would have to carry y -=,-— — , but as n in this case 

n 2n 2n 

W 

is 13, the pressure on the pier would be , a self-evident 

fact. In the next place, the strains on the flanges may easily 

W 

be determined. The load on 1 1= — , resolved through 2 1, 

and the middle part of flange, and 

— : strain E = rf : — . * . strain E z= -^— . 
n n nr d 

2 W/ 
The strain at 2 similarly will be — s— r» and so on for each 

nru 
section of the beam. 
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Now, frooa the view originally taken of these forces, it 
would follow tbat the resolved strain at 7 passes through the 
entire length of the beam ; so also the strain due to 6, and the 
rest; consequently, as the centre is ajpproached, each section 

of the flange has to resist a strain augmented by decreasing 
increments. 

Ill = o , H — Q-r + *^' H — «->• ^ '^^ series having 6 terms 

its sum would be 

J? T WZ^ « 21 WZ , , ,o 
Ezz—^—- X 3 = — 5-—; butw=13. 

n* a nr a 

.'. E^ ^ which, practically, is the identical formula 

obtained in the early part of this paper by totally different 
arguments, the discrepancy being accounted for as already 
pointed out by the peculiar arrangements at the centre of the 
beam. 

The advantage of this form of trussed girder, I have already 
mentioned, lies in the compressed bars being the shortest 
possible, and therefore less liable to yield for want of lateral 
support. A very interesting example of the application of this 
system to practice may be found in the foot-bridge over the 
Dublin and Drogheda Railway at Drogheda, constructed, 
according to designs by Mr. Harty, the Company's engineer, 
through whose kindness I am enabled to exhibit a model 
made by himself, exactly to scale, and provided with weights, 
the application of which shows the nature of the strains 
on the several parts. This bridge is 54 feet span, and 
notwithstanding the extreme lightness of lattice work, is 
remarkably stiff. 

The girders supporting the curved roof of the Art Treasures 
Exhibition at Manchester were also of this class. 

If the^two diagonal struts in fig. 6 be approached towards 
each other, till they coincide at their upper extremities, a 
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considerable alteration will take place in the distribution of 

forces. The beam lias been divided into two sections, and 

half the load on each is carried by tbe apex C of the tnang;le 

CAB (lig. 10). The resolution at that point takes place 

immediately along the two struts, and tlie reaction of the piers 

creates a tensile strain in the lower 6ange A B. 

W n 
Strain on AC:-~=„:rf. 



Strwn on A C = 



Wft 









E = —J the formula previously obtained, and perft 
I truly carried all tbrougl 




this instance, because a load i 
the beam itself. 

Supposing now lliis system were extended, and the triangle 
A C B, instead of resting on piers, were to be suspended from 
two tension bars E A and D B, E and D being kept apart by 
a flange, and supported by two struts E F and D H, tied by 
means of a flange F H. With a uniform load the weight on 

C would be — ■ the strain on A C, C B, would be ^ 

which would be carried by A E to the point E, when it would 
resolve into a pressure through the flange, and a vertical force 

of ^ — . The weight resting on E is — — , or half that distri- 

W 

buted between F and C, and ■, or half that between X and 

4 n 

3 W 
E, equal together to ; the strut E F, therefore, would have 

to carry <— t-h— j- , = ^-— 7,and this would beresolved_ 

into tension of the bottom flange, and the vertical reactial 



reactioi^^^l 
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the pier equal — — , to which must be added the portion of - — 

W 

supported by the vertical strut F L = -j— , so the total pres- 

4n 

sure on the pier will be ^+^zz—, but fi=3. 

4n 4n 4n 

6 W W' 
. • . Pressure on pier=— - = - , or half the load, which is 

1^ St 

evidently true. 
Again, the thrust of E F produces tension in the bottom 

flange, and E: -—zzj-:d. 

4n 2n 

The tension on A B due to the portion of the load on C : 

W / W/ 

— = jr— :</=^r— r-j, SO that the entire strain on AB will be 



pressed 



%n^ iT 2n^ d'^ %n^ d 



Now n=3, n^=9; and E=— -j, demonstrating the accu- 

8 d 

Tacy of the argument. 

By reversing the arrangement in fig. 10, we have the load 
carried to the piers by tension rods, in place of the struts E F 
and D B ^ in that case the two bars AC, C B are unnecessary 
where the beam is loaded uniformly and on the top. By 
combining these two arrangements, we have the familiar form 
of lattice beam, as in figs. 11 and 12. 

I have shown, at each step of these investigations, how the 

formula E=— -7 may be obtained by resolving the forces 

through the vertical web or sides of beams ; and I would now 
draw your attention to some diagrams, which will show still 



I 
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more clearly how each line of argument confirms the other. 

The beams represented in figs. 1 1 and 12 are 42 feet span, 3 feet 

deep, loaded with a ton for each running foot. The uniform 

parabolic line underneath them shows the strain on the flanges 

WS f/— SI 
of a plate beam, calculated by the formula E= — nVj — 

while the short horizontal Itnes indicate the strain on the 
flanges, calculated by the method just described. One marked 
difference is at once apparent. The strain does not increase 
gradually towards the centre, but by sudden increments, at 
the junction of each lattice bar with the flanges, but still it 
will be seen that the parabolic line is the average of such 
increments. The closer the lattice work is, the more nearly 
does it resemble a plate beam, each additional set of lattice 
bars forming a complete system, taking upon itself a portion 
of the strain upon the former bars, as shown in fig. 7- On 
comparing figs. 11 and 12, where the latter has double the 
number of lattices, it will be seen that the strain on each of 
the original bars is reduced one-half, and it is not difficult to 
conceive that the number of bars may be increased till their 
edges coincide, and two continuous plates be formed. — (See 
%• 13-) 

To illustrate this view more clearly, let us suppose the 
lattice bars in fig. 11 increased very much in breadth, which 
shall be constant all through, the necessary increase in strength 
towards the ends being obtained by increased thickness. I 
should also mention here, that although the investigations we 
have been following were quite general, and irrespective of any 
peculiar slope in the lattice bars, yet the figures are all 
constructed for an angle of 45", which, as shown in the former 
portion of this paper, seems to be the angle in which the strains 
naturally run. 

Now if the width of the lattice bar be increased to -, or half 
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its length, we will have the two systems of lattices filling up 
the entire side, making, in fact, a continuous web, as repre- 
sented in fig. 13, where the lined and dotted bands illustrate 
the arrangement in question. At the intersection of these 
bars, a double thickness may be avoided by supposing them cut 
out of a solid plate, so that each bar, though compressed in one 
direction, would be extended by the forces due to the transverse 
bar, wfai<di probably would not affect its powers of resistance 
either way. The thickness of wrought iron plate that would 
suffice to bear the compression of the dotted band resting on 
the pier, would amply suffice to carry the tensile strain of the 
lined band, and conversely, in cast iron, what would be strong 
enough to resist the tensile strain, would necessarily carry the 
compressive force, so that if the weaker power of any material 
be proportioned to the strain on the last diagonals, these being 
known, the thickness of the web may be computed. 

The strain in the last diagonal, from what we have seen and 

W a 
illustrated by fig. 1 1 = — - X 7, 7 being the number of the lat- 

tice from the centre =-, the bars being at angles of 45° « = -7 

. • . Strain on last lattice =- — ^X ^=-r-T« 

2nd 2 ^d 

And this must equal the sectional area of the bar, multiplied 

by the pressure (p) per square inch, or the unit strain to which 

it is safe to subject the material. Let /z= thickness • ' • -« = 
area of bar, and ?-^= strain in tons it may carry, so that 



Yf a atp . 



W 



4rf" 2 2pd 

On reference to Edwin Clarke's work on the Britannia 
Bridge, page 346, it would appear that under the most 
favourable circumstances, namely, in rectangular tubes, buck- 
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ling of their Bides under pressure began at from 6 to 9 tons 
per square inch, it would not therefore be safe to strain plates 
to more than l-4th of 8 tons to the inch, or 2 tons, so that 

wrought iron webs the formula becomes ji 

As far as I am aware, this formula is original, and I there- 
fore beg the members of the Institution will receive it with 
caution, though, from examples which I will now adduce, I 
believe it to be practically accurate. 

Firstly, — Let us examine the Conway Bridge, 400 feet 
span, 25 feet 5 inches deep in the centre, 22 feet 5 inches at 
the ends, sectional area of bottom flange at centre=535 square 
inches, side plates % thick. 

Supposing the bottom flange capable of resisting safeh 
strain of 5 tons per inch, E=535x5 = 2675 tons. 
_W7 . „,_8rfE_8x25x2675 
8 rf ■ ■ ~ I 



1 



And E= 



400 



= 1337 mm? 






1337 



And t-= = 1-25 inches, which is the exact thickness 

4x22x1-2 

of the two sides together, not counting the vertical angle and 
T iron stiffening pieces, which were intended only to keep tiie 
plates in shape, and could not, from their position, resist much 
of the strain. 

Secondly, — If we examine an experimental beam 66 feet 
span, 10 feet deep in the centre, and feet at the ends, made 
by Mr. Brunei, and described by Edwin Clark, in his work 
on the Britannia Bridge, we will find the formula to agree 
very closely with actual results. The flanges were of trian- 
gular section, 18 inches deep, so that the web was virtually 
not more than 3^ feet deep over the piers, and \ inch thick. 
A load of 165 tons near the centre tore the sides near one end 
through the rivet boles. Now for a load in the centre, 

( =: — - ; JI, which in this case would be the ultimate strength 
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of plate iron may be taken at 24 tons to the square inch, and 
f/:=|x42 inches =28 inches, to allow for rivet holes. The 
tbickness of plate that would fail in this case would be 

' = — ; — 2^=0*24 inches, which is within O'Ol of the actual 
24x28 

thickness which fiEdled (through a line of rivets). 

Applying the formula to the 42 feet beam, 3 feet deep, 

42 
loaded with 42 tons, we have t = ^ — ^^^ — , =0*29 inch, or a 

4 X 36 X 1 
little over ^ inch, which would be nearly the thickness I should 
have made it from experience. One other result seems to 
follow from this view of the matter. On reference to fig. 8 it 
will be seen that, to allow a full bearing to the broad lattice 
bars, the beam should rest for half its depth on the piers, or 

bearing on piers =—, and so we find that the Conway tube 

has 12 feet bearing, and is 22 feet 5 inches deep. 

The same expression for the thickness of the sides may be 
arrived at by considering the upward reaction of the piers as 
a strsdn tending to shear off the end of the beam. Now the 

. W - . 

reaction of the pier is — , and the resistance to shear is the 

fl 

same as that to direct tensile strain; equating, therefore, 

W 

-- - to the area of sides multiplied into the strain per square 

inch the material can safely carry, we have 

r.t= ^-j— as before. 
2 dp 

In this case it is assumed that the areas of flanges at the 

piers are 0. This argument is not so clear as that previously 

usedi but it is satisfactory to find two distinct methods of 

investigation yield identical results. 
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I find that this interesting subject has carried me : 
spite of myself, further than 1 originally intended. I have 
trespassed on your lime too \ong already, and yet but the first 
part of what I proposed to do has been accomplished. TTie 
strains have been ascertained and defined for uniformly loaded 
beams, easy practical formula obtained for the strains in the 
flanges and webs of plate and lattice girders, but we still have 
to consider the effect of passing loads, and how these strains 
may best be counteracted. I have then some observations to 
make on r^lway and road bridges, and beams for the support 
of floors and walls of buildings. I therefore propose, once 
more, to ask your kind attention on some future day; and in 
conclusion beg to acknowledge, gratefully, the assistance and 
advice I have frequently received from Mr. Harty, the engineer 
of the Dublin and Drogheda Railway, to whom we are indebted 
for the use of that model, and from Mr. Stoney, whose name 
is 80 well known in connexion with that magnificent monument 
to Irish engineering skill, enterprise, and industry — The 
Boyne Viaduct ! 
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[11th May, 1868.] 
M. B. MULLINS, Esq., in the Chair. 

Description of some Experiments made at the Botne 
Viaduct in 1854. — By Bindon B. Stonby, Esq., 
Member. 

A BRIEF description of the Boyne Viaduct and of the severe 
tests to which the iron work was subjected before being 
opened for public traffic was laid before the Institution of Civil 
Engineers, London, in April 1855, in a paper, ^^ On the 
Economic Distribution of Materials in the Sides or Vertical 
Portion of Wrought Iron Beams," by James Barton, 
M. Inst. C. E.* In this paper, which gave rise to a prolonged 
and most interesting discussion, Mr. Barton, after some 
theoretical considerations respecting the direction of the 
strains in the vertical web of wrought iron girders, proceeds 
to institute a comparison between the different methods of 
construction adopted in this portion of a beam, and in conclusion 
gives a concise account of the more important structural 
features of the viaduct, without, however, describing in detail 
those experiments which were made during the progress of the 
work in order to test the strength of some of its component 
parts. 

In bringing before your notice this evening some of these 
experiments, perhaps some apology may be due for framing a 
paper on such a slight basis, but my feeling on the subject is 
that — though few in number, yet from their unusual character, 
and from the importance of the results which, I believe, may 
be deduced from them — these experiments are of sufficient 
importance to make it desirable that they should become, as 

* See vol. 14, Proceedings of Inst. C. E. 

M 
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it were, public property, in place of being available aloi 
those who were present during their perfor 



Pillar Expefumbnt No. I. 

The esBential difference bet^veen lattice and plate beams 
consists in the formation of the vertical web, thai in the 
former being constructed of intersecting bars, while in the 
latter the web is one continuous plate. As neither thin bare 
nor plates are suitable for resisting compression, it has been 
found necessary to stiffen those parts which act as struts by 
means of angle or T irons, as in the Tubular bridges, or by 
tneiLDS of angle irons, combined with internal bracing, as is 
now usual in lattice beams. The cross section of the Boyne 
Viaduct, which may be taken as a type of the most approved 
method of latticing at present adopted, is the same as that of 
the tubular girder, if we substitute intersecting bars for the 
continuous plate. The angle iron stiReners of the tubular 
girder are generally placed vertically ; in the class of bracing 
adopted in the viaduct they are at an angle of 45", and the 
two opposite angle irons are, moreover, connected by diagonal 
bracing, which greatly increases their stiffness in a direction 
at right angles to the plane of the beam (see fig. (). This 
kind of bracing is, it will be perceived, an application of that 
so familiar to us in the form of lofty scaffolding, and of which 
the piers of the Crumlin Viaduct present fine examples. As, 
however, its application to the compression bars of diagonally 
braced bridges was comparatively recent, and as no direct 
experiments on its utility in this respect had been made, oral 
least published, it was thought desirable to test by direct 
experiment whether this arrangement of bracing would 
enable a bar, thin in proportion to its length, to sustain 
an endlong pressure approaching to the crushing weight of 
the iron. 
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Accordingly, an experimental beam, similar to those tised 
at the centre of the centre span of the viaduct, was constructed 
by Mr. Barton's directions. The first experimental be»m 
resembled fig. I in every respect, except the lower portion, 
wliich was formed a; shown in (ig. 4. This pillar, which was 
31' 6" in length, with 4"x^" side bars, was erected in the 
midst of some timber scaffolding which had been used for a 
hoist. The testing weight was suspended below the wooden 
framing on which the pillar stood by long suspension rods 
which were attached to a cross piece of timber resting on the 
top of the pillar (see figs. 2, 3.) By this arrangement the 
pressure was made to pass more accurately through the axis 
of the pillar than if the testing weight had been heaped up on 
top. It was also more convenient to load at the lower level. 
Cross bars were attached to the sides at the same intervals as 
the latticing in the viaduct, and were connected at the ends to 
the scaffolding, so as to act as the tension diagonals in the 
bridge; and here I may remark that the chief advantage of a 
multiple over a single system of triangulation consists in the 
more frequent support given by the tension bars to those in 
compression, as well as by both to the flanges. The parts in 
compression are in fact subdivided into short pillars, and thus 
prevented from deflecting. When a single system is adopted, 
as in * Warren's' girder, each stmt is unsupported throughout 
its length, and is therefore more liable to deflect than in a 
lattice beam. A cord was stretched vertically, in order to get 
the lateral deflections during the experiment. These were 
taken at three points. A, B, C (fig. 1) ; and the symbols + or 
— placed before a deflection in the table signifies that it was 
in the direction of the same sign in the figure. 
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DEFLECTIONS. 
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+0-03 


+0-05 


+003 






10 


00 


O'O 


+005 






15 


— 0'03 


+0-03 


+005 






20 


—0-05 


0-0 


00 






25 


—0 05 


0-0 


00 






30 


—0-05 


—003 


_0'04 






37i 


—006 


—0 07 


—008 




" 


40 


—0 05 


—0-01 


—005 


With 40 torn the side bar at (a), 
fig. 4, bent fllightly at right 
angles to the plane of figure. 


" 


42i 


— 0!0 


—0-10 


—0-13 


With 42i tons the lower part of 
pillar at (b b) became sUghtlj 
curved, witii the codtcs side 
towards the — side. 


Nov. 17, 


42i 


— 0-10 


— O'lO —0-13 

I 


Letl on ail night j no chaogo in 
the morning. 




4.5 


—O'lO 


—0-15 _0-16 




" 


47i 






The side bars gave way, as shown 
la fig. 5. 



inomalotiB ; pTobablj a 



Looking at fig, 4, it will be seen that about 8 inches in 
length of each side bar near the ends of the pillar were left 
without angle iron, and when the weight amounted to 47i 
tons this part yielded sideways, as shown in fig. 5. 

The area of the two bars at the part which failed amounts 
to 5 square inches: the compressive strain which passed 
through them at the moment of yielding equalled, therefore, 
9^ tons per inch. 

Experiment No. 2. ^H 

The pillar in the first experiment failed, aa indeed had beefl" ■ 
anticipated, by the upper part moving sideways past the lower, 
as if connected to it by hinges. The pillar was taken down, 
the injured part removed, and the length thus reduced to 
28' 6". The repaired pillar, fig. 1, was then replaced in the 
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frame, and the following table contains the observations 
recorded, which include the contraction in length of each side 
under the compressive strain. These latter observations were 
made by the aid of wooden rods suspended at each side from 
near the top of the pillar. Elach rod was 24' 8^'' in length 
from the point of suspension to the index at the lower end, 
and it will be observed that the contraction of one side exceeds 
that of the other in a very anomalous manner, which can only 
be explained by supposing that the timber framing yielded 
more beneath one side than the other, and thus caused a greater 
strain of compression to pass through that side which contracted 
most. It is also probable that the centre joint on the — side 
was not a perfect butt joint, and thus a slight movement might 
take place from the ends coming into close contact. 
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At 30 tons the side bar at (c) bulged 
outwards slightly, with a ten- 
dency to increase ; also a slight 
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seemed to be caused by the 
unequal compression of the 














1 






























timber packing, that on the + 






* 










side yielding more than the 






. 










opposite), a stmt was placed 
against (c), and the weight was 
blocked up until the 27th: 








• 




































wedges also weredrlren between 
















the wooden packings under- 
















neath, in order to tighten them 
up. 


Nov. 27, 





• •• 


• • • 


• • « 


0-0 


0-20 


Load remoTed, bulging at (c), 
removed, as nearly as possible,, 
by means of a screw-jack which 
was left in position; opposite 
side sunilarly blocked out from 
staging, and blocks were placed 
at similar positions at top of 
pillar, as there appeared a ten- 
dency of top to move over to — 
side. 
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• • • 


• • • 
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0-06 
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Left hanging all night, wind so 
strong as to make deflections 
nncertam. 


Nov. 28, 
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0-31 


The hollow at (d) stiU well mark- 
ed, and a tendency to deflect 
towards -f side, at the centre of 
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pUlar. 
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Tablh; — coiUinued. 
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iDteriul l^ce wu completolr 
diJturted, lbs L ln>D beius 
brobtm OW.J ftom «de bw, (see 
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The sectional area of the pillar subject to compression, ant 






per inch therefore equalled 11 tons at the period of failure. 


For a very short portion at (c) where the bracing ended, the 


angle irons of the lower cell, and that to which the lattice bars 


were connected, were not in one continued piece, and the 


whole weight passed through the side bars, which were, 


however, a little thicker here than elsewhere from a weld 


having been made at that point, so that the area of both side 


bars together equalled 6 inches. This short length was 


therefore subject to a compression of nearly 14 tons per inch. 


If we wish to compare the economy of this form of pillar with 


a tubular one, we must add the area of the lattice bars to that 


of the sides, in order to obtain the strain per sectional inch of 
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material in tbe whole pillar. The cross section of the internal 
lattice bar9=2 Inches nearly ; adding this to the area of the 
side bars and angle irons, we have the aggregate sectional 
area of the pillar=:9i inches, and the strain per inch of materiai 
employed B-7 tons. This is a favourable result, when coroi>ared 
with those arrived at by Mr. Hodgkinson in his experiments 
on tubes subject to compression. We may regard the lattice 
pillar as one side of a tube, in the angles of which the chief 
part of the material is collected, and the sides of which are 
formed of bracing, connecting an*l holding the angle pilUirs in 
the line of thrust. 

If, in place of being braced, the web connecting the side 
bars were ma<le continuous like the side of a plate tube, and 
if for this purpose we reduce the thickness of the ^ inch side 
bars so that the total amount of material remains the same, 
but leaving the angle irons as before, we shall have one side 
of a tubular pillar 26 inches wide, with the material contained 
in one side bar and the bracing { = 4'd inches) forming a 
plate -It inch thick, that is, a pillar the thickness of whose 
plating is l-153rd of its breadth, and which is stiffened by 
angle iron at the comers. If the material in one angle iron 
be also distributed in the side of the tube the thickness of 
the resulting plate will be '22 inch, that is, a tube the thickness 
of whose plating equals 1-1 18th of tbe width. 

On examining tbe experiments instituted by Mr. Stephen- 
son's directions, for the purpose of testing the strength of 
tubes subject to longitudinal compression, wc find that the 
ultimate strength per inch depended upon the relation betweea 
the thickness of the plating and the width of tbe tube. 

It is much to be regretted that the laws on which the 
ultimate strength depends, were not fully developed at the 
hands of such an able investigator as Mr. Hodgkinson, to 
whom we are chiefly indebted for a sound application of 
scientific principles to the investigation of practical questions 
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connected with the strength of materials. From his experimeats 
on tubes I have niHde a rude deduction, that when the thickness 
of the plate is not less than l-30th of the width of tube, and 
when there is no angle iron at the corners, then we may 
reckon on the ultimate strength being ^om 10 to 12 tons 






inch. 



In one experiment, made by Mr. Fairbairn, a tube 8 feet 
long, 18 inches square, with plates ^ inch thick united at the 
corners by angle iron, bore a pressure equal to 13'6 tons per 
inch. From this esperiment and that made at Drogheda, I 
am inclined to make this inference, which I believe, if verified 
by further experience, to be one of much importance, viz.. 
The strongeU furm of rectattt/ular cell to resist compression 
oi a pillar, ii i<ne in lobich the chief part of the material ia 
eaUeeted at the angles, leaving only so much material in tlte 
lidrs as is requisite to hold the angle pillars in the direction of 
the thrust. With this also agree some theoretical investigations 
which I have made respecting the strains in the bracing of 
latticed pillars. If this principle, which I have enunciated, 
be true, then it ought to modify to a considerable extent the 
present practice of constructing the compression flanges of 
large beams either as one great tube or a series of cells. A 
tubular bridge, whether formed with plated or open-work sides, 
is a large tube whose top is subject to compression, and 
applying the principle just evolveii, it follows that the best 
arrangement for the eorapresaion flanges is that in which they 
are formed of piles of plates riveted into a solid mass, and held 
in the line of thrust by their connexion with the siiles and 
cross bracing. 

The drawings, copies of which illustrate this paper, were 
made immediately after the experiment by Mr. William 
M'Carten, under Mr. Barton's direction, to whose courtesy 
I am indebted for their use. 

The following experiments were made to try the 
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of slow and I 



trams, with respect to vibration and 
deflection. 

April aC/i, 1855. — The lateral vibration at the centre of the 

centre span, from an engine and tender going at the rate of 

from 30 to 50 mi]es=05 inch on each side, i, e. the total 

oscillation equalled -1 inch. Lateral vibration from a slow 

engine was scarcely perceptible. 

t Deflection at centre of centre Bpan, measured on same side 

as the line on which engiiie and tender travelled, both for 

quick and slow 8peeds='25". The uame deflection was 

I produced when the engine was brought to a stand at the centre 

|. of centre span. If any difference of deflection with diffei^nC 

I speeds was perceptible, those deflections produced by rapid 

travelling exceeded by a very small amount, perhaps the 

width of a fine pencil stroke, but for all practical purposes they 

were identical. On starting the engine from rest on centre of 

bridge, the deflection was momentarily increased to a very 

slight extent. Tliere were about five quick trains, of which 

^^one travelled about 48 and the others 50 miles an hour, and 

^^^Baut as many slow ones. i 

^^^K D*tl> December, IBES.] I 

^^V M. B. MULLINS, Esq., FreHidenl, in tbe Chdr. ] 

^^^H)n Beams and Girder Bhiuoes (Part 3). — By William 
^^^r Anderson, Esq., Associate, 

In the papers I have already had the honour of reading 
before the Institution of Civil Engineers of Ireland, I endea- 
voured to show the direction and magnitude of the forces 
acting in the sides and flanges of uniformly loaded beams, 
now propose to investigate the effect of unequally distributed 
or passing loads, and so close the theoretical treatment of my 



b 



144 



PROCEBDIMGS t»F THE IMSTITUTIOW 



y load r 



chiefly be of two kinds : Ist, i 



A passing l< 

less concentrated in one point, like the carriage of a travelling 
crane; and 2nd, it may move on to the beam, and cover it 
completely before it begins to leave it again, as in the case of 
a tr^n running over a bridge shorter than itself. In following 
these investigations, I propose again to make use of diagonally 
braced beams, as bases of argument, siiowing how results so 
obtained will coincide with those deduced from the method of 
moments. 

In speaking of the girders made for the Dublin Eshibition, 
in papers which have since been published, I showed how 
certain diagonal bars found inactive under a uniform or 
central loud, became of great importance when the weight was 
moved towards either end of the beam; and I now take the 
general case of a girder, with a single system of diagonal 
bracing, whose depth is one-twelfth of its length, and will 
trace the effect of a concentrated load travelling from one end 
to the other. 

The several sections of the flange, A D, D E, EC, &c., in 
the beam AHRB (fig. 14), are supposed perfectly rigid 
beams, capable of transmitting the weight moving along them 
to the several points of attachment of the diagonal braces, the 
pressure on each point being in inverse ratio of the distance of 
that weight from the two nearest points. As the load leaves 
A and approaches D the diagonals H D nnd D J will experience 
a gradually increasing tensive strain, and when the point D is 
reached, HD will have to transmit ^ W to the pier A, 
and DJ I W to the pier B, for obvious reasons, the reso- 
lution through the flunges and remaining diagonals taking 
place in the manner already fully investigated. Until the 
load actually reaches the point D, some portion of it is carried 
by the adjacent pier without the intervention of the braces; 
when D is passed its pressure on that pier diminishes, and the 
braces have therefore less to transmit in that direction, eonse- 
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quentljr A H and H D are strained to the greatest extent when 
Wis at the point D. The maximum strain in the flanges 
will also be in the immediate neighbourhood of this point while 
the load rests there, because a compressive force proportioned 
to z ^^ ^>'^ l*^ ^^^ resultant acting in HJ, arising from a 
resolution of the tensive strain in H 1>, and the compressive 
one in H A. This will be met by a similar force, proportioned 
to ^ W, acting along the flange towards H at each of the five 
points, J, K, M, P, R, making an aggregate pressure equal 
lo -^ W in H J, which is consequently the portion of the flange 
under greatest strain. 

Similarly the bottom chord at D E will be strained by the 
resolution of ^ W between H D and D E to the extent of ^ W, 
increased further by the tension produced in A D by the 
resolution of the thrust of H A, and the vertical reaction of the 
pier, equal to f W, making the entire tension ^ W. 

At each of the points E, C, F, G, the thrust of the struts 
resting there produces tensive strains amounting to j W in 
each section of the fliinge, while the reaction of the pier B 
produces in G B a further tension of ^ W. The collective 
effect of these forces acting from D to E will therefore be ^ W, 
the exact balance of the pull from E to A, so that in D E the 
largest amount of tension will be. 

In tracing the further progress of W, it will be found that 
the strains in D J and J E diminish, disappear to appear again 
reversed. The point X at which these bars are inactive can 
easily be determined, and the investigation is interesting and 
instructive, though not very important. Wherever X may be, 
the pressure of the load resting there, on piers A and B, will 
he inversely as A X and B X ; therefore, if no forces are to 
pass along D J and J K, the entire load must be carried by the 
tension bars HD and EK, which can only take place when 
X divides D E in the same ratio as it cuts A B. Calling the 
entire length of the beam ti, we have — 
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1 + Ul _ Da: 
6 - 1 

.■.D» = J. 
And the corresponding point in E C 

2 + Ey _ E^' 
"6 - I 

.•.E,' = 3. 
When W reaches V, the centre of D E, a very instruof 
arrangement of forces takes place. The pier A has to carry 
•f W, the pier B only ^ W, but the two points D and E have 

to transmit — coiisequently i W has to travel back a^n 

from E along E J and J D, &c., to the abutment A. E J will 

W 
have a tensive strain proportioned to -— .1 D compressive to 



the same amount, at D 



W 



1 be added, and H D will trans- 



mit in this way the required force proportioned to J W. 

lu this manner the strains in flanges and braces may be 
determined for every successive position of the load, and a 
diagram, as fig. 15, constructed to show the variation of these 
strains, as well as their maximum value. The beam repre- 
sented has only a single system of bracing, at an angle of 
45°, and to avoid fractions in calculating the strains in the 

diagonals, the load has been taken as 50'9, being — ^moving 

along the bottom flange. The figures and formulje along the 
bars indicate the greatest strains that can pass through them, 
those of compression being marked by the sign +, those in 
tension by — . Those bars that have two figures, with 
opposite signs, may be either in compression or extension, 
according to the position of the load. 

It has already been shown that the maximum strain passed 
through a brace when the loud was at its junction with the 
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Ktui^e, in which position the innate stitfneas of the flange 
•Muld yield very little support by spreading a portion of the 
load over other bars, consequently the introduction of a second 
tystem of bracing, as in figure 17, would afford no relief to 
lie first without vertical connexion between the points of 
attachment of the braces, an important inference to which I 
Kill again recur when speaking of the construction of girders. 
The coloured bands on the top and under the bottom of 
the beams, in diagram 15, are intended to show the manner 
in which the strains increase in the flanges as the load moves 
along. The blue band is the result of the load resting at the 
first intersection of the braces with the flange ; the yellow 
indicates the additional strain elicited by tlie weight moving 
to the second intersection; the neutral tint shade marks the 
additional increase due to the load having reached the centre 
of the beam, while the red margin would define the strains 
aiistDg from a load, double that which we have traced, moving 
along the beam, distributed evenly over it ; and it is important 
to observe, that it includes all the other lines of strain ; it is, 
therefore, the severest under which the beam can labour. It 
is especially remarkable in the top flange, that at each position 
of the concentrated load the greatest strain just reaches the 
curve for a uniform load, exactly corroborating the results 
obtained by the method of moments. On a former occasion 

it was shown that if a concentrated load -— cut a beam into 

sectioDS S, S' that the strain in the flanges at that point would 

be and that this equation would also correctly define 

the strain in every point of the flanges of a beam uniformly 
loaded with a burden equal to W. It follows from this that 
a girder, correctly constructed, to carry a uniformly distri- 
buted load, will also be fit to carry half that load concentrated 
at any one point, as far as its flanges are concerned. 
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If, instead of considering the concentrated passing weiglit 
equal to one-half the uniform load a g;irder is constructed to 
carry, we conceive it to be that portion of it resting directly 
onany of the sections formed by the intersections of the bracing 
of the beam with its flanges, (fig. 16) and trace its eifect in 
transit from end to end in the tnanner already shown, a table 
may be formed, which, exhibiting the action of each fraction 
of the load separately, will give facilities for ascertaining the 
combined eifect of any number of points loaded. 

With a view to making this as clear as possible, I hare 
constructed a diagram which is, in fact, a combination of the 
table above alluded to, and an illustrative drawing. 

The diagram (fig. 16) represents a beam divided into li 
equal parts with a double system of braces, and their points 
of intersection with the flanges are numbered consecutively 
Irom the left hand corner. Eleven parallel lines are similarly 
numbered and drawn from end to end in the upper half of the 
beam. To avoid fractions, I have supposed the weight on 
each section to equal ] 2, diminished in the ratio of the depth 
of the beam to the length of the diagonal, and commencing 
with No. 1. I record in line No. 1 the effect of 12 on each 
bar in the system. The effect of the weight on apex No. 2 
U similarly recorded in line No. 2, and so on through the 
whole beam, taking care to mark all tensive strains with 
negative signs on the left sides of the bars, while compressive 
strains stand with positive signs on the right side. 

In the lower half of the beam are drawn similar horixontal 
lines in which are collected from above the strains resulting 
where 3, 6, 9 and 11 points are consecutively loaded, with an 
additional line in which are recorded the strains produced by 
the weight of the beam itself taken at one-third the passing 
load. 

Let US suppose that the load has passed on as far as half- 
way between the points 6 and 7, consequently 1, 2, 3, 4, 5, 
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isti G are fully loaded, and each portion of the load is pro- 
ducing its full effect in its own system of bracing as already 
recorded, so that to find the entire strain on any diagonal, 
lavfi only to add the figures appearing along it in lines 
1,2, 3, 4, 5 and 6. The diitgonal, brace 0-1, for example, 
lias a tension of 10 due to the load on point 2 acting on it, 
i tension of 8 due to load on 4, and a tension of 6 due to the 
on 6 ; altogether, therefore, it is under a tensive stiain 
= —24. 

Again, brace 5 — 4 shows a tensive stnun of — I and — 3 
due to the load resting on points I and S, and a compressive 
atriun of 7 due to the load on point5; therefore — 1 — 3+7 
leaves a compressive strain of +3 passing tlirough the brace. 
With the assistance of this diagram it is also very easy to 
determine at once what will be the maximum tensive and 
compressive strain in any brace, and in what position of load 
it will be found. Thus in 5 — 4 we see that — 4 is the 
greatest possible tensive strain, and as the figures — ■ I anct 
— 2 stand in lines 1 and 3, we conclude that this strain will 
be produced when the load has reached to half way between 
3 and 4. The greatest compressive strain is +16, and is 
experienced when points 5, 7, 9, and II are loaded, because 
the figures making up \G stand in lines 5, 7, !>, and 11. 

In comparing the strains when the beam is \, ^, f , and fully 
loaded, it may be seen at once that many of the bars have to 
transmit both tensive and compressive forces, according to the 
position of the load — a circumstance very commonly lost sight 
of, though thus easily determined. 

Having ascertained the strains in the diagonal bracing for 
four positions of the load, the corresponding effects in the 
flanges may speedily be arrived at by the method already 
described; and I have arranged a diagram (fig. 17,) to show 
this as clearly as possible. 

The strains in the top flange are defined by ordinates to 
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curves; those in ihe lower, more correctly, though : 
plainly, by ordinntes to steps parallel to the beam. In 1 
cases, it will he observed that the strains produced 
uniform load covering the entire beam, exceed those produced 
by any other position of it. The blue band indicates the 
amount of strain in the flanges when one-fourth of the beam 
is loaded ; the yellow, neutral ; and red tints show the increase 
of strain when the load has advanced over ^, f, and the entire 
space successively; while the figures on the braces Indicate 
the maximuni force they will have to resist during tlie passage 
of the load. 

I have hitherto considered a beam as destitute of weight, 
which, of course, is very far from being the case. Although 
no serious error would arise from this assumption in small 
spans, a very brief examination of the matter will show the 
rapidity with which the weight of beams increases with 
increase of their spans, and the great importance of considering 
it, both with regard to making sufBcient allowance in cal- 
culating the strength of girders, and to the most economical 
proportion between the cost of the bridge and its piers. 

If we examine the formula for the strain in the centre of 
W/ 



the I 



. E=^ 



vill find that it involves three 



variable quantities, the load W, the span /, and the depth of 
girder rf. Now, W, the uniform load resting on the beam, 
may be represented as so much per foot, multiplied into the 
number of feet span : 

and, for purposes of comparison, the depth may be tal 
constant fraction of the length, say : 



The formula then becomes : 



12 
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from which it is plain that in beams constructed to carry the 
same load per foot, the seirtioiial areas of ilie flanges vary as 
the spans. 

Again, in plate beams, the strength of the sides depends on 
the shearing strain at the piers, where it is ettual to half the 

load or -— , consequently the sectional area of these also 

varies directly as the span, and, generally, the cross sections 
of beams to carry the same load per foot, will vary as their 
spans. Now, as the quantity of material is found by multi- 
plying the SbcCtonal area into the length, it follows that the 
weight of beams, as far only as their loads are concerned, will 
vary as the square of their spans, the loads increasing only as 
the spans; consequently the importance of the former will 
soon surpass that of the latter, till at last limits, comparatively 
narrow, are reached where the tenacity of the materials at 
our command becomes unequal to the support of their own 
weight. 

For example: The Conway Tube is 400 feet span; 24 
feet deep from centre to centre of cells in flanges, with an area 
of 645 square inches in the top flange; it weighs 1,112 tons. 
Allowing 4 tons to the square inch, as a safe compressive 
strdn, the uniform load it is calculated to carry amounts to 
1,238 tons, which leaves only 126 tons, or less than =^ of a ton 
to the foot of running load in excess over what is required to 
support itself. In other words, the weight of the bridge is 
nearly 10 times that of the load it may safely carry, and is in 
fact the chief weight to be supported. 

It is not my present purpose to enter minutely into the 
question of the ratio between the weights of bridges and their 
spans; enough has been said to show that the weight increases 
certainly quicker than the square of the span. It is, therefore, 
most important not to lose sight of this consideration in cal- 
culating even moderately large openings. 



152 PR0CEBD1NGS OF THB INSTITUTION 

As far as che flanges are concerned, it is evident that the 
weight of a beam will merely act as so much additional 
uniform load, and may be involved at once with it !□ the 
equations for finding the strains in the flanges. 

As regards the diagonal bracing, however, the proper 
proportion of the weight must be supposed to act at each 
intersection of the bracing with both the top and bottom 
flanges, as has been dont in the lowest line of fig. 16, where 
the beam is supposed to weigh ^ of the load. By adding the 
strains marked there to those indicated in any position of the 
load, it will be seen that the tendency of the weight of the 
beam is to keep the strains more of one kind throughout the 
bracing. 

To show this more clearly, I have constructed the diagram, 
fig. 18. In the upper half, where the beam is supposed to be 
without weight, it will be seen that all but the last two braces 
may be either io tension or compression under a passing load. 
When the beam weighs only ^ of the load, the last 8 braces 
are exempt from antagonistic forces ; and when the weight of 
the beam increases to that of the load, only the four centre 
braces are liable to alternate tensive and compressive strains. 

The practical results I hope to have obtained by the three 
papers now before the Institution is the establishment, by the 
Bimplest arithmetical and mechanical reasoning, of the following 
propositions:^ 

1.— There is no distinction in principle between what are 
known as " Plate," " Warren," " Lattice," or any other kind of 
girder, and it is probable that a wider application of the views 
here brought forward would tend to simplify many obscure 
investigations. 

2. — If the flanges of a beam be constructed to carry a 
uniformly distributed load, they will also carry half the same 
load concentrated at any point of the beam, and either load 
passing over it. 
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3.^The main strain in the flanges of a beam is practically 
the same, whether it bos plale or diagonally braced sides, pro- 
vided these are properly proportioned ; and the I additional 
area, recommended by Mr. Fairbairn, for lattice beams, is 
unwarranted by theory or experiment. 

4, — The strain in any point of the flanges of a uniformly 
tooded beam, is obtained by multiplying together the load and 
the sections of the beam on each aide of the point selected and 
Priding by twice the product of the length into the depth. 
Omdlary. — To obtain the strain in the centre, therefore, 
multiply the distributed load into the span and divide by 
eight times the depth. 

6, — The sides of plate beams may be regarded as diagonal 
bracing, filling the entire space between the flanges, and 
their proportions may be calculated accordingly, though the 
size and number of stiffening pieces required to keep the 
plates in shape are, as far as 1 am aware, beyond the reach 
of calculation. 

6.^ — The strains in diagonal beams of any kind may be made 
out with ease and accuracy, but no general formula can be 
given, because the nature of the load and the arrangement of 
the braces on which it depends, may be varied infinitely. 

7. — For uniform passing loads, however, it may generally be 
said that the strains are greatest at the ends, and least in the 
centre; that some of the bars may, during the transit of a 
load, be under compression and tension alternately 

8. — That the weight of beam should not be neglected in 
in computing its strength. 

In concluding the theoretical portion of these papers, L feel 
it my duly to state that I claim no originality for the facts I 
have laid before the Institution. It is true that I have worked 
most of them out unassisted, and have arranged the whole 
matter in my own way ; yet it is a pleasure as well as a duty 
to contribute thus publicly my poor tribute of gratitude to my 
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predecessors in ihe field of analytical investigation, lo Mr. 
Blood, of Queen's College, Galway, wlio was the first to 
show the possibility of determining the strains in the diagonal 
braces of beams, and constructed the beautiful model of which 
the one below me is a copy, to illustrate aiid prove the cor- 
rectness of his views ; to Bow, who was one of the earliest 
writers on the subject ; to Mr. Barton, whose graceful viaduct 
over the Boyne, is a national work we may well be proud of; 
and Mr. Sloney, to whom I am most indebted, and who, I 
believe, has studied the subject with depth and minuteness, if 
e<)ualled, certainly not surpassed by any one, 

I have ventured also to express dissent from the views of a 
man infinitely my senior in years, in experience, in scientific 
information, and literary renown. I trust Mr. Fairbairii and 
the Members of this Institution, will believe that I have 
spoken only with an earnest wish to remove what I believe to 
be erroneous views, and to uphold truth. I trust they will not 
ascribe to me an immodest desire to put myself against a man 
whose professional experience extends over more than half a 
century, who enjoys the high honour of having indefatigably 
asabted with his purse, his time, and his talents, the progress 
of mechanical engineering in this kingdom; and from whom, 
as his pupil, I have enjoyed the benefit of personal instruction. 

The thanks of the Institution are due to Professor Downing 
for his readiness in lending me the model, belonging to Trimly 
College, with the assistance of which 1 have demonstrated the 
correctness of my views. 



OF Civile ENGINEERS OFV IRELAND. 155 



[llih January, 1859.] 
M. B. MULLINSrEsq., President, in the Chair. 

On the Cause £)/* Failure ij/* Bridges on Mountain Rivers. 
By John William Kelly, Esq., Member. 

It is quite a common occurrence to hear of bridges on moun- 
tain rivers being swept away by floods, and thoroughfares 
rendered dangerous or impassable in consequence; sometimes 
causing serious accidents, and at all times much public 
inconvenience. The great rain and floods that occurred in 
September last, have been productive of wide-spread damage 
in these respects. In the mountainous districts of Kerry, 
Mayo, &c., the csisualties have been numerous and important : 
and apart from the many inconveniences arising from them, 
the large expenditure rendered necessary for repairing the 
damages is of no slight consequence, amounting as it must do 
to large sums of money. 

If there be any principle or contrivance, by means of which 
these casualties may be prevented, or their number diminished, 
its discussion before this Institution would be desirable; in 
order that, if deemed practicable, it may obtain a larger degree 
of notice and conndence than it otherwise could be expected 
to receive. Believing that there is such a principle, and that 
its application is practicable and simple, induces me to submit 
this brief paper on the subject to your consideration. 

The writer should perhaps feel no small degree of apprehen- 
sion, that if the principle were such as he imagines it to be, 
its simplicity must long ere now have insured its more general 
application ; but we are all aware of the curious fact, that 
many^ominon occurrences of great interest pass before us, 
day "alter day, without investigation — our perfect familiarity 
with their effects rendering us (juite unconscious of our 
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ignorance of the causes. In short, we do not think of ruisin^ 
questions, heing satisfied we know ail about them. This is 
particularly the case with occurrences that are familiar to us 
from early youth upwards ; and amongst them may, perbapij, 
be classed mountain floods, and the casualties attending them. 
IF we hear of the destruction of bridges ou mountain rivers, it 
is merely the old story, and, of course, followed by the old 
reply, " Oh, the great floods swept them away." If required 
by any cliance to assign reasons, we very ofF-handedly name, 
the insufficiency of size of arch, the badness of foundation, 
inferiority of masonry, or possibly the piers or abutments 
being badly placed with reference to the direction of ibe 
current. We rarely, perhaps, investigate the exact manner in 
which the floods act in producing the catastrophe- 
No doubt, a bridge labouiing under any one or more of the 
deficieuciea mentioned, is very liable to give way under the 
force and action of a mountain flood; but it is submitted, that 
a bridge may be all right in these particulars, and yet that 
there is another requirement without which it is by no means 
secure. 

What, then, is this additional requirement? It is that the 
channel or waterway, for some short distance above, through, 
and below the bridge, should be of equal discharging capacity ; 
and more particularly that the channel below should ou no 
account be of greater waterway or discharging capacity than 
the arch or arches of the bridge. 

It is the great " head of water" above, and sudden fall 
hrough, or at the down-stream face of the bridge, that 
produces all the damage. Reduce the channel behno to the 
discharging capacity of the bridge, and the character of the 
action of the descending waters is changed, the sudden falls 
disappear, and the object sought is attained. If the bridge 
afford sufficient waterway, there is no reason why the channel 
below it should be larger ; if it do not afford sufficient water- 
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way, it becomes still more necessary, if the bridge is to be 
preseryed, that the channel below it should be reduced to an 
equal capacity. If the bridge be of greater waterway than the 
channel above it, then the portion of the channel immediately 
beltnc, should be brought to an equality of discharge with that 
above the bridge; either by increasing the capacity of the 
diannel above, or reducing it below the bridge, as the neces- 
sities of the case and local circumstances shall render most 
expedient; bearing in mind that the channel below is on no 
occasion to be of greater dischai^ing capacity than ibe bridge, 
and that the object sought to be attained, is to convey the 
floods in a comparatively moderate incline and velocity 
through, and for some distance below, the bridge. This can 
be done, it ia submitted, by regulating the discharging capacity 
of the channel as above suggested. 

It is quite a common occurrence to find a deep hole scoured 
away just at the down-stream face of a bridge. This is caused 
by the great action of the water as it issues from the arch — 
which not unfrequently may be seen pouring forth as if issuing 
from a sluice. Of course the extension of the holes up under 
the arches, is a mere matter of time, more or less remote, 
according to the tenacity of the foundation, and the frequency 
and scouring power of the floods. In order to save the bridges 
in such cases, the practice is often resorted to of filling the 
holes with stones, &c., but the destructive cause remiuning, a 
few subsequent floods, if not the very first, scoop out the holes 
again, and the destructive action proceeds as before. But even 
where no such holes can be formed — the bridges being built 
on the solid rock — they have often yielded under the force of 
a large head of water — generally to the action of the flood 
upon the (too often inferior) masonry of the piers and abut- 
ments. The remedy in all these cases, as above stated, is ta 
contract the channel below the bridge, so as to overcome the 
falls, and instead of allowing the floods to roll down in 
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destructive rapids through the bridge, to raise them into 
comparatively deep volumes, moving with an easy iitcline and 
velocity. 

The manDer in which the contraction of the channel may be 
effected will vary with local circumstances. In general, rough 
hammer-dressed side walls will be found to be best and most 
convenient; tliey should be brought to the required width 
apart, at, or a little below the Bridge, and, after running 
parallel for ten or fifteen yards down stream, to commence to 
opin ovt gradually to the general width of the channel. Where 
stones cannot be conveniently procured, the simple contrivance 
of projecting jetties, formed of rou^h piles and wicker-work, 
will be found useful. 

The writer had an opportunity of seeing the principle here 
advanced tested on two occasions. The first was in the case 
of a new urch, 2 J feet span, over a mountain river, and erected 
on a veiy compact limestone gravel tbundation. At the down 
stream face of the bridge the channel was wider than it, by 
about three feet at bottom, and, owing to tlie side slopes, it 
was about 18 feet wider at flood level than the arch. There 
was a Weir about 60 yards below the Bridge, and the channel 
opened out gradually still wider down to the weir basin. The 
result was that the floods, which at best were rapid enough, 
attained a sudden fall on issuing through the arch into the 
comparatively wide channel below ; and a corresponding 
scouring power was brought to bear on the centre of the 
channel, just at the down stream face of the Bridge. A hole 
wa^ in course of quick formation, but detected ere it was 
scooped more than a foot in depth. The channel was 
immediately reduced to the width of the arch by means of 
rough hammer-dressed side walls, which, after some ten yards 
below the Bridge, were made to open oM gradually/ towards 
the weir basin. The expectations formed were perfectly 
realised. The floods subsequently came through the arch, and 
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for some distance down stream, in a comparatively easy incline, 
producing no further harm ; and had the former state of things 
been suffered to continue, it is probable that in a very few 
years the Bridge would have been reduced to a most precarious 
position. 

The second instance was a small accommodation bridge, 
some 12 feet span, not more than eight feet in width between 
the parapets, and composed of rubble masonry. It was built 
over the old course of a mountain river, and was intended only 
for passing the waters of a small tributary — over nine-tenths 
of the waters of the catcliment basin being intended to be sent 
down in a Jteio channel. Juat after the completion of the small 
rubble bridge, and ere the new channel was ready for opening, 
a flood occurred, wbicli had to be sent round by the old course. 
The bridge, though fully equal to the purposes it was intended 
to serve, was altogether insufficient in waterway for discharging 
the mountain floods of the whole catchment basin, and the 
waters rose in consequence nearly two feet over the soffit of 
the up stream side. Fortunately the channel some 20 yards 
below the bridge, although deepened, was much contracted in 
width (not, it must he confessed, through design, or in antici- 
pation of an event of this sort, but merely to dispose of the 
spoil"), and the watersvay was only about equal to that of the 
bridge. The result was, there was very little head water, the 
difference of level between the flood waters above and below 
the bridge being only a few inches; and the fresh rubble 
structure which, under other circumstances, would be endan- 
gered, was quite safe. 

It is, perhaps, unnecessary to pursue this simple subject any 
further. If the principle treated of be sound, it needs no 
further illustration. The que.stions to which attention is 
solicited, are — Whether even a sufficiency of waterway and 
good masonry, in bridges over mountain rivers, are sufficient 
to ensure their slability, unless the flood waters are conveyed 
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in a comparatively tranquil manner through the arches? And 
whether the adjustment of the channel adjoining the bridge, 
as above described, is not the most simple and etfectual, if not 
the only way of effecting this object? Also, whether the 
application of the same means is not calculated, in many 
cases, to save bridges labouring under defective masonry and 
waterway ? 

It is not, of course, intended to advocate defects of any kind 
in bridge building; but it may often be desirable to maintain 
even a defective bridge, to avoid public inconvenience, or the 
expense of building a new one. 

In connexion with this subject, it may not be out of place 
to draw attention to a remark very often made, namely, that 
the proper provision for waterway in Bridges is generally 
disregarded, or forms but a very secondary consideration with 
Road makers. That it has been so heretofore must, perhaps, 
be admitted to bi; the fact. In prosecuting the Arterial 
Drainage of Ireland, which lay generally in the lower parts of 
the country, it is well known that most of the bridges 
encountered were so defective in waterway, and in other 
respects, as to involve the necessity of having them taken 
down and rebuilt; and the numerous casualties we hear of 
from time to time would lead to the inference, that a want of 
due attention to similar requisites must prevail to some extent 
in the higher parts also. It is, perhaps, needless to observe 
that this state of things is not attributable to the present 
County Surveyors, than whom, it is well known, it would be 
difficult to find a more intelligent body of men in any profes- 
sion, and under whose surveillance we are justified in expecting 
that due attention will be paid to the double purpose a bridge 
should serve — that whilst making provision for the roadway, 
the no less essential desideratum of making ample provision 
for the waterway shall not be neglected. This latter deside- 
ratum involving, as it ought, the consideration of the extent 
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and physical character of the catchment hasin of each river 
and stream, is not bo simple as may have been too often 
imagined; on the contrary, it is calculated to exercise one's 
refiection and ingenuity; and, at all events, it is both necessary 
and Important that it should not be disregarded. Curtailing 
the Intimate cost of a roadway, by making bridges of 
inadequate waterway, and inferior masonry, is questionable 
economy ; and the old adage, that " whatever is worth doing 
at all is worth doing well," is, perhaps, in no other case more 
worthy of application than in Bridge building. 

The recent failures of so many bridges on mountain rivers 
renders, perhaps, the present time opportune for raising the 
question as to the cause of those failures ; and it is with this 
view, and not through any impression of being able to invest 
the subject with any particular interest, that the writer is 

(induced to submit this brief paper to your notice. 
hEnnis, loth December, 185S. 



(Sth Febriuiry, 18fi9.] 
M. B. MULLINS, Esq., President, ij 
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Dbschiption of a High Weir built c 
River. — By John William Kellv 



Esq. 
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Member. 



Amongst the numerous subjects brought under the considep- 
atioii of the Institution from time to time, there are, perhaps, 
few deserving of notice more than failures in works of interes* 
and magnitude — the causes that led to such failures, and the 
means resorted to for overcoming them. The subject of this 
paper is an account of the failure of a high weir built across a 
mountain river, and a description of the weir by which it has 
been replaced. 

The CloDii weii' — the one alluded to — forms part of the 
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works of the Aniiagh Drainage Disirict, and a brief description 
of that district roay render the subject under consideration 
more intelligible. 

The Annagh district is situate in the county of Galway, 
close to the road from Gort to Loughrea, and about two miles 
from Gort. It lies at the foot of the western slope of the 
Sleive Baughta mouiitaiiii«, just where the hmestone teiminates 
against the sandstone, of which latter the mountains are 
composed. The Annagh river issues from these mountains, and 
is exceedingly rapid, until it enters the drainage district, where 
it becomes comparatively level. The flat plain constituting 
the drainage district, is separated from the lower country by a 
ridge or " Esker," composed, as usual, of limestone gravel and 
boulders ; and the river, which generally maintained the centre 
of the catchment basin, was intercepted by this esker, sent 
round in a circuitous course, and, forcing its way through a low 
part of the esker, doubled hack again at the lower side of it, 
and thence descended in a series of rapids to Ballylee turlough ; 
there to disappear in subterranean passages. This lower part 
of the country presents many of the curious phenomena peculiar 
to the cavernous limestone formation; hut any further notice 
of it here, or of the physical circumstances of the Annagh 
river and its mountain catchment basin, is perhaps unneces- 
sary. On reference to the accompanying diagram map, 
Drawing No. I, some further information on the subject may 
be obtained, if required. 

Those who have had to deal with r 
they are not altogether as manageable 
desirable. The most efi'ectual, if not thi 
controlling them, is by means of 
and subsequent gradual discharge of the i 
district to be drained in this case, and thi 
to be maintained, were not of sufficient i 
the construction of 



ntain rivers, know 
might be deemed 
ily way, of properly 
I for the retention 
intain floods. The 
ill power at Cloon 
ufficient importance to warrant 
and the next best course to 



OF CIVIL BNGINEEHS OF I 



163 



adopt) was to make provision for letting the floods run off, at 
a sufficiently low level, as fast as they came down. A new 
cbannet through the esker was the most suitable for this 
purpose; and where the cutting became light on the lower 
declivity of the esker, a weir was made across the channel 
for affording a water supply to Clooa mill, and for other 
purposes. 

The excavation through the esker for the new channel, 
including that for the weir, reached a depth of 33 feet; a 
crowbar was driven down about 4 feet more, and nothing was 
met with all through but limestone gravel, and boulders; the 
hope of reaching the rock in sitUf at any reasonable depth, 
was thenceforth relinquished, and the design for a weir, 
represented on Drawing No. 2, was adopted. It con^^isted of 
a straight weir or overfall, 60 feet in length, and 16^ feet in 
height. It was built in steps, as shown in section, so as to 
break the descent of the waters into three falls, of about 5^ 
feet each ; the thickness of the masonry at the base was about 
10^ feet, and at top 5 feet; the batter of the face work 
between the steps was 1^ inch to a foot, the projection of each 
step 2 feet ; the top coping, and the coping of the steps, were 
composed of large weighty stones, and the face work of good 
ashlars (roughly faced, but of good beds and joints) ; the 
coping of each of the steps was let in about 18 inches under 
the course next above it ; the toe of the weir was closely paved 
in front with heavy blocks of stones, and for some distance 
behind the top of the weir it was also paved to preserve the 
puddle backing. 

Over the weir thus briefly described, the river passed for 
several months, and the succession of regular water- falls 
presented aa picturesque an object of the kind as need be 
desired. Some of the larger floods, in going over it, went 
- clear beyond the first step (from top), descended upon the 
second step with great force, and thence fell harmlessly to the 
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bottom. The swell of tlie flood having passed, the waten 
resumed the fall from step to step again as usual. The 
extriiordinary Jioodi, however, contrary to expectation, overshot 
the whole weir, and descended with unchecked force and 
volume on the pavement below, the large blocks of stones 
composing which were torn up and tossed about in the watery 
tumult, almost like so many logs of timber. 

The flood waten having subsided, a dam was thrown across 
the new channel, and the river sent round in its old course 
agfuu. Upon examination it was found that, with the eseeption 
of portions of some of the bottom courses that fell out, after 
the foundation was worn from under them, the weir was 
apparently little injured; but the flood waters not only tore 
up the paving for about 10 feet in breadth all along the foot 
of the weir, but also excavated clean down to the solid rock, 
which was only 5 or 6 feet under the lowest course of masonry. 
Had it been known ere the weir was built, that the solid rock 
was so near at hand, the design and circumstances attending 
it, in all probability, would have been different. 

As the structure suffered apparently so little, rather than 
take it down for reconstruction, it was deemed advisable to 
underset with masonry itself and wing walls, down to the rock. 
This was accordingly done; but when the river was turned 
over the weir again, the joints in the masonry were found to 
be by no means staunch, as before. This arose, it is considered, 
from a slight settlement of the weir, occasioned by the tearing 
away of the foundation at foot of it, and also by an opening 
that ensued between the puddle backing and the masonry. It 
withstood, however, the action of several floods afterwards; 
but in the month of August, 1849, a series of heavy floods 
occurred in succession, and came down so impetuously, that 
they carried with them, from the sides of the new cut, several 
laige boulders (some of them over half a ton weight) and 
rolled them over the top of the weir. In Iklling, the boulders 
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broke some of the coping stones of the steps, and ctig1odg«d 
others, thus leaving some of the interior masonry exposed to 
die action of the water. The leakages increased, and the work 
of destruction progressed, slowly, indeed, but continuously! 
and finally, the waters having found space down behind the 
weir (the puddle backing having been partly carried away), 
produced such a hydraulic pressure forward, as to occasion a 
bulge, which subsequently yielded in a breach. 

The breach was in the middle of the weir, and of about 25 
feet ID length by 15 feet in depth, leaving the ends, the wing 
walls, and the whole of the uitdeTsetting, all the way across, 
IHidiBturbed. 

It was now determined that the weir should be altogether 
reconstructed; and a strong dam was therefore made across 
the new channel, and the river once more sent round in its old 
course, until the present weir should be built. 

If it were desirable or necessary, much might be adduced in 
extenuation of the failure of the first weir — the great hurry 
under which the Surveys of Drainage Districts were made, 
and the works entered upon, under the " Summary Proceed- 
ings Act," for the purpose of giving employment to the 
famishing poor in 1847, and so forth ; but it must be admitted 
that insufficient knowledge of the quantity of water poured 
down by mountain rivers, during extraordinary floods, was the 
principal cause. At that time (1847) our knowledge of river 
discharges, and particularly of mountain rivers, was not very 
precise nor extensive ; nor perhaps does it prevail even yet to 
as great an extent aa would be desirable. The greatest flood 
in the Shannon, within the last twenty years, occurred in 
January, 1853, when the discharge at Killaloe reached the 
enonnous quantity of 1,617,110 cubic feet per minute; yet 
this great discharge'of the "mighty Shannon" amounted 
only to 0*699, or less than three-fourths of a cubic foot of 
water for each acre of catchment basin. Few of the Irish 
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rivers on which observations have been made contribute more— ' 
than from one to two cubic feet per acre. The large floods iii 
the Annagh river, however, yield no less than from 8 to 10 
cubic feet per minute for each acre of catchment basin ; and a 
summer flood that occurred on the 12lk nf June, 1851, attaint 
the enormous discharge of 13'02 cubic feet per minute for e 
acre I being 18 times greater than the maximum acr 
discbarge of the Shannon. 

Had the acreable discharge been not more than four or five 
times that of the Shannon, it is probable the weir would be 
still standing ; but the actual discharge so far exceeded the 
expectations formed, as to render the provision made for 
breaking tbe fall, and the easy descent of the waters, altogether 
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It will easily be imagined bow much the failure of tbe first 
weir was calculated to stimulate every precaution in preparing 
a design for tbe second, as well as attention to its coustruction, 
so as to prevent the recurrence of any further casualty. 

The present weir, as designed and built, is represented on 
Drawing No. 3. On plan it is an are of a circle, the chord 
of which is 60 feet, versed sine 15 feet, and length of arc at 
apex of weir nearly TO feet. The height of the weir is 19 
feet 8 inches; thickness at bottom, 10^ feet; and at top, 5 
feet. Each end of it terminates against a heavy abutment of 
masonry, and altogether it may be considered a stone arch, 
laid 00 its side, presenting its back to the force of the current. 

The foundation was prepared on tbe solid rock, and the first 
course sunk or embedded into it, leaving a solid check in front, 
of about four inches in height, all round the toe of the weir 
and lower wing walls. It is built in courses, laid at right 
angles to the batter, which is 1^ inch to a foot; each course 
is divided into a number of voussoirs, as it were, by extending 
the radiating joints from the front through the packing 
rubble masonry to the rere, as shown in Fig. 3, Drawing J 
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■3. This is one of the peculiarities of construction to which 
attention is invited. The front work is composed of heavy 
TQBtic ashlars, with bonds of from 4| to 6^ feet in length, at 
interrals of about 8 feet apart ; and the back, also, is composed 
of somewhat similar but lighter ashlars, with tail bonds at 
siinilar distances apart. The packing or rubble work, between 
the front and rere ashlars, contains a large number of flags, 
obtained &om an adjacent crag, and tbey also aid in bonding 
tbe whole together. Care was taken to make the stones in 
each successive course break joint with those immediately 
under, to intersperse the bonds properly, and to pack and make 
the rubble work as close as possible. 

All round the back of the weir and abutments a puddle bank 
is raised, over which is a layer of concrete, and over that again, 
and extending a little beyond it, a stone paving, 18 inches 
deep. — (See Fig. 2, Drawing No. 3.) 

The puddle bank was composed of three parts of tenacious 
blue clay, and two parts of compact limestone gravel, well 
mixed and tempered, and laid In 18-inch layers. This formed 
excellent puddling material, and its staunching effect was 
increased by the successive layers overlapping the small steps 
in the back courses of the masonry — (see section) — thus 
effectually preventing the possibility of the water getting 
down between the puddle backing and the weir. The upper 
wing walls were also carefully puddled behind, up to the top 
level, which ia .t feet 6 inches over the apex of the weir. 

The concrete was composed of three parts of broken lime- 
Stone, two parts of clean river sand, and one part of powdered 
anslacked fresh burnt roche lime. 

The paving was composed of stones roughly scabbled, laid 
close and wedged, and afterwards grouted flush to the surface. 

It is to be regretted that, in consequence of the sum for 
executing the works being limited under the provisions of the 
" Summary Proceeding Acts," the wing walls and retaining 
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wails, above and bplow the weir, could not be built for a 
greater distance on either side of as good materials as would 
be desirable. This is the more to be regretted, as the Trustees 
appointed under the Drainage Acts for conserving the works 
of the District, have left inoperative the powers vested in 
them ; and the works, although requiring repairs, have been 
left to their fate. The weir itself, however, and its immediate 
adjuncts, are as well and substantially built as need be. 

Such is the Cloon Weir, as at present constructed, and any 
further details that may be required will, it is hoped, be found 
in the Drawings. It is now built about nine years, and during 
that time it has been as severely tested as it probably ever can 
again. Indeed, it is difficult to imagine any force calculated 
to injure it, unless such as would displace simultaneously the 
whole mass, and under none of the contingent circumstances, 
of even a mountain torrent, can this be considered probable. 
During a large portion of the summer season the weir is quite 
dry, the whole of the river water being drawn off in working 
the small mill close by ; but in the winter season, and partica- 
larly during the maximum stage of the floods, the picture 
presented by the deep impetuous fall of such a great volume 
of water is really formidable, and well calculated to convey a 
vivid idea of the immense power of falling water. 

It has been frequently observed, that amongst the younger 
members of our profession — and the observation might be 
extended, perhaps, to the old and young members of all 
professions — that a large degree of reluctance prevails against 
giving publicity to any failures in which they may have been 
personally engaged. It may not, indeed, be the most agree- 
able task a person could impose on himself to describe a 
personal failure, yet, unless in very rare cases, there is no 
sufficient reason why he should not. It is well known that 
there are few, if any, persons of much practice in any profession 
who have not met with failures, and from those failures drawn 
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their most valuable experience. And there can be but little 
doubt that, if the sources from which those failures arose, and 
the manner in which they may have been overcome, were more 
generally imparted, it would conduce much to the prevention 
of similar ones. Let us, then, hope that this is but the fore- 
runner of many similar, but more interesting, accounts of 
failures, and difficulties overcome, that shall be submitted to 
the Institution. 

Ennis, 27th December, 1858. 



[atJi March, 1H59.] 

M. B. ML'LUNS, Esq., President, in the Ohair. 

Observations on tfie Newcastle Coal Experimeni-s By 

BiNDON B. Stonev, Esq., Member. 

It is, doubtless, still fresh in the recollection of the members 
of this Institution, that in the yeiir 1855, the Steam-coal 
Colleries Association, of Newcastle, offered a premium of 
£500 for the invention of an effectual method for preventing 
the emission of smoke from tbe chimneys of multitubular 
boilers. The terms of the competition were as follows : — 

"Kodeaigti shall be ileemed entitled to the premium unless it be in 
conformity with tlie following conditiooe : — 

(o) " It shall effectoallj prevent the production of amoke during the 
combnfition of any of the Uflrtlej steam oools of the North of 
England, 
ft) " Such prevention shall be accomplished by the combustion of the 
emoke or gases in the furnace or tur chamber preiionH to 
paasing through the flues or tubes. 
i^] "It shall be applicable to all the usual forms of boiler, containing 
a number of small tubes between the furnace and the chimney, 
and especially to the usual forma of marine boilers. 
'It shall not diminiflh the evaporative power of the boiler to 
wbich it may be applied. 
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It aholl not impair the clurobility of the boiler. 

"It shaS, as for as possible, be independent of tliG personal 
ftttentlon of the stoker or engineer, but it is not esaeutial th&t 
it should be absolutely so. 

' It dan not be, or be made, the subject of a patent, or, if so, 
the in-centor or patentee shall undertake that the patent right 
riiall not exceed in amount such rflt« per hcnse power 
foot of fire grate as the judges may determine." 



n 



Induced by this prize, 103 competitorB presented designs, 
of nhich four, including that of the author, were selected for 
further trial by the judges. The method which the author 
proposed is best explained by the following extracts from the 
description of his plan, which he submitted to the judges in 
August, 1855;— 



"DESCBiprroN The fire being supposed fully Lghted, and a 

glowing coftlfl spread over the bars, freRb fuel is placed in con^dsraUs 
quantity on the shelf, and the fbel so placed is, in front, subject to the fill] 
heat of the fire, whieb cokes the cool for a considerable depth into its 
mass, cauang it to yield its inflamnmUe g&ses uniformli/ and prolonged oyer 
the flill period of each charge, 

" These gases, passing through and over the ignited fuel, are intensdy 
heated, and meeting with several jets of air, admitted througb the valve of 
the double door and the perforations in the inner plate, ignite as they pass 
over the glowing coal on the bars. The flame thus produced haa a run 
equal to the ivlutk length of the furnace before reaching the tubes, which 
b a matter of extreme importance in multitubular hoilei?, where the usual 
effect of the tubes is to extinguish the gases, which are only just ignited, 
close to thdr mouth, and which therefore have not had time or space 
sufficient to ensure their combustion before reaching the tubes. In the 
proposed method the flame has the longest possible run, viz., the whole 
length of the furnace, and this prevents waste of half-burned gases 
passing up the chimney, or, what is still more serious, the risk of taking 
fire again in the uptake. 

" When the fire on the bars requires renewal, the coked mass near the 
mouth is shoved forward, and, from the inclination of the fire-bars, is ea^y 
spread over their surface. 
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^^ The door moye5 vertically in slides, so as to be opened to a greater or 
less extent, according to the quanUtj of fuel supplied. 

^^ One great collateral advantage of this method is the perfect coolness 
at the st(^e-hole; for since coal is a non-conductor of heat, none is 
transmitted from tiiie furnace outwards, through the outer portion of fresh 
coaL 

^^ In- this design the supply of inflammable gases being uniform, and the 
supply of air being constant, the heat developed by the furnace is nearly 
quite uniform, thus insuring in the boiler an uniformity of evaporation, 
which in the ordinary method of throwing cold fuel on the glowing fire is 
quite impossible to attain. 

^^ The merits of the above design may be summed up as foUows : — 

'^ i. A gradual and prolonged development of inflammable gases. 

" 2. A supply of air sufficient for, and proportioned to, the production of 
gases, which can be regulated at will, and which is quite distinct from air 
supplied to coked fuel on bars. 

'^ 3. The mixture of gases and air passing over glowing fuel cannot 
avoid combustion. 

^^ 4. Great imiformity in the evaporative power of the boiler, which is 
never suddenly cooled down, from the placing of fi^esh fuel over that 
already incandescent-on the bars. 

'^5. Durability of boiler in consequence of uniform supply of heat. 

^^ 6. Flame has the longest possible run for its action, viz., the whole 
length of the furnace, and therefore the gases have time to be consumed 
by the lime they reach the tubes. 

^' 7. The smallest slack can be burned with as much facility as the best 
coal, since it is in coked lumps when it reaches the bars. 

^ 8. The firebars may be placed wide apart, for the same reason. 

^^ 9. Perfect coolness at stoke-hole, which, especially in marine engines, 
is a matter of importance. 

^^ 10. Cheapness of application, requiring no complicated machinery, 
and in every respect as durable as the ordinary furnace. 

^^11. Applicability to all boilers. 

''July 27th, 1855." 

After a lapse of more than two years and a quarter, the 
author received the following letter from the Secretary of the 
Association : — 
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-• 58, Webtoatb-strebt, Nbwcast 
"iVw. \m, 1857. 

" Dbab Sib,— I bug to give you notice, the juilgea appointed by < 

JBtem-Coal AsBOciatian have selected your plan of preventing smoke for 
11^ ind herewith 1 seud you a tracing of the boiler, which will give yoo 
m idea of nhat is rc<[mred. Hoping to heur from y 
"Toura, &c., 

"Wh. Bai 
" B, B. Stoney, Esii" 

The experimental boiler was, it will be perceived, 
multitubutar boiler of the mafine type. 

Three days after receipt of this letter the author forwarded 
to Mr, Reed the following reply, together with a tracing of 
the plan of firebox which he considered suitable for testing his 
method. (See plate.) 

" Dublin, iVou, 24iA, 1857. 

"Dbah Sib, — In reply to your letter of the 18th instant, I beg to 
enolosB a tradng of a slmpla arrangement by which the experimental 
boiler may be adopted, at little expense, to my method tar smc^ 
prevention. 

" The fire-hars should be placed slightly wider asunder than ia usual 
with the description of coal experimented upon, and the fuel on the bars 
may be a little deeper than is uaual This is owing to the partial coking 
which takes place in the coal before it reaches the bars. 

" The door box is so designed that a thin film of air (say quarter of an 
inch wide) enters between the door and lower edge of arch. 

" If too much air gain access, which is unlikely, some of the holes may 
be temporarily plugged. If too Uttle, the door must be left open a slight 
amount. A Cuw trials will determine this. Wlien the ftimace is In full 
action the coal should, at each charge, be heaped up a$ shown. When the 
fuel on the bars requires renewal, the upper and front part of heap are to 
be shoTBd forward and spread over bars. This being the coked or partially 
coked portion of heap will not have the tendency to produce the smoke 
that &esh fuel on the bars would have. The hinder portion of heap is 
then to be shoved into the front of heap, and fresh coal supplied (o bring 
heap np to original si/e. 



"Ir. 



" William Reed, Esq." 



"BiNDOK B. Stonet. 
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On the 19 th December the author received the following 
letter from Mr. Longridge, one of the three judges : — 

^'58, Westgatb-strebt, I9th Dec, 1857. 

** Snt, — I beg to inform you that your plan for smoke prevention will 
be ready for trial on Thursday next, and will be glad to hear if you intend 
being present personally, or sending any person on your behalf. An 
answer per return will obKge, yours, &c., 

^* J. A. LONORIDGE. 

"B. Stoney, Esq." 

1^ this letter, appointing the day before Christmas for trial, 
the author, who was from home in the South of Ireland, replied 
as follows: — 

'* Ballast Office, Durlin, Dec 22/u2, 1857. 

^^SiR, — In reply to yours of the 19th instant, I beg to say that I am 
unable to attend in person during the trial of my plan for smoke prevention 
on next Thursday. I do not think there is anything of consequence that 
I can add to my former description of the proposed arrangement. 

" One or two slight modifications of the method of manipulation may 
suggest themselves at the first trial, but as I have not had an opportunity 
of trying my plan on the large scale of your experimental boUer, and as I 
am not familiar with the coal employed, I believe my personal presence is 
the less necessaiy ; however, I regret this the less since I feel confiiient that 
whatever merits the proposed plan may possess will not be overlooked by 
the gentlemen who are appointed judges in the matter. 

" I am, &c., 

" B. B. Stombt. 
^^ J. Longridge, Esq.'* 

The announcement of the final award appeared in the THmes 
of January 27th, 1858, and after some days the author, on 
application, received a copy of the judges' reports, from the 
second of which the following extracts are taken* : — 

" 10. In the month of August, 1855, we met for the purpose of arranging 
our proceedings, and made a cursory examination of the plans which had 

* See Engineer J vol. v., p. 99. 
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been seat in, rejectiag those which were ubviuusly either inapplica 
impracticable. To the authors of the others, we addressed a. circoUr ' 
through jour Secretiiiy, stating that their platia wwe retained for further 
coomderation. 

"11. As BOOH as the boiler was ready, we proceeded to experiment upou 
it, in order to detennine the standard of reference. Mueb time was occupied 
in these trials, and in the course of them we arrived at the striking reaulls 
already communicated in our first report. Viz., Chat tlit ecapoi-alive poicer qf 
the and was much greeiler than had been previoasly stated, and that smote 
could be preoetited ifilh ease, and ut Ihe tame time with a decided adeimtage ft» 
the effective power oftlte builer, 

"12. In all these and the subsequent experiments, the details were 
carefully registered, the whole of the coals weighed and water measured. 
The wci{,'hts of ashes, cinders, and clinkers which were left were weighed. 
Diagrams of the temperature of the escaping gases obtained by a pyrometer^ 
and a number of other particulars recorded, which would occupy too much 
space to enter upon in this report. 

" 13. Altliough wQ arrived at results exceeding in some respects those 
obtained by any of the competitors, we have not thou^t it fair to talce 
our best results a.9 the standards of reference, beoause, being the issue of a 
long series of carefully-conducted experiments, we felt that to take these 
results as staadards would be going beyond the spirit, though not perhaps 
beyond the letter, of the published c^onditions. 

" 1 4. We have, therefore, established as the standard the means of a 
series of experiments during which the firing was conducted according to 
the ordmary Bysteni, every care, however, being taken to get the ma.timum 
of work out of the boiler by keeping the fire-grates clean and by frequent 
stoldng. No air was admitted except through the fire-grates, and aa a 
consoq^uence much, and often a very dense limokc was evolved. 

" 15. As the economic effcot of the fuel increases when the ratio of the 
lire-gratc surface to the absorbing surface is diminislied, we have adopted 
two sizes of fire-grates, and conseciuently two standards of reference. 
With the larger fire-gral«, the amount of work done by the boiler per hour 
is the greatest, but this is done at u relative loss of ecouomie value of the 
fuel as compared with the smaller grate. 

"The one gives us the standard of maximum evaporative power of 
boiler, the other the standard of maximum economic effect of the fiiel. 

"The fire surfaces used for fixing those standards were 28J squoi-e feet 
and I Mi square feet iTspcclively. ^^^| 



OF CIVIL BNOIHBBRS OF IRELAND. 



175 



^^32. The standardB of leferenoe alluded to in the lith and 15th 
Pvagn^hsof the present report are as follows: — 



1 


FireGnte 
28i sqcuure fleet 


FireGnte 
19^ iqaare feet 




A 


B 


A 


B 


1 Eoonomie yalne^ or Ibe. of water evaporated 
1 from 212* by lib. of coal, .... 
1 Rate of combostion, or lbs. of coal bamed per 

honr per square foot of fire-grate, . ■ . 
Bate of evaporation per square foot of fire-grate 

peg hour in cubic feet of water from 60*, . 
Total evaporation per hour in cubic feet of 

water from 60% 


9-41 

21-15 

2-62 

74-80 


1115 

19-00 

2-93 

79-12 


1006 
2100 
2-909 
5601 


12-58 
17-25 
2-995 

57-78 



^The columns A contain the standards of reference alluded to in 
paragraph 15, whilst the columns B give the mean of the best results 
obtained by our own experiments wJien making no smoke, 

"33. The first plan submitted for trial, was that of Mr. Robson, of 
Shields, whidi we selected as a type of several of the plans comprised in 
Glass 3, and as in our opinion the most likely of its kind to prove 
successful The principle of this plan is to divide the furnace into two 
fire-grates, the one at the back bdng shorter than the other, and placed 
at a lower level This back grate is furnished with a regular door-frame 
and door, for the purpose of enabling the stoker to clean the bars and 
remove the clinkers when required. This door is also provided with an 
aperture fitted with a throttle valve, and in the inside a distributing-box 
perforated vrith balf-inch holes, after the manner practised by Mr. Wye 
'Williams. The front grate is like the ordinary fire-grate, but without any 
bridge. The mode of proceeding is to throw all the fresh coal upon the 
firont grate, and to keep the back or lower grate supplied with cinders, or 
partially coked coal, which is pushed on to it frrom time to time from the 
upper or firont grate. No air is admitted at the door of the upper grate, 
but the gases arising frrom it meet with the current of fresh air admitted 
through the door of the lower grate, and in passing over the bright fire 
upon it are to a greater or less degree consumed. 

*^ 42. The next plan submitted to trial was that of Messrs. Hobson and 
Uopkinson, of Huddersfield. In this system air is admitted both at the 
doors and at the bridge. At the doors by means of vertical slits, which 
may be opened or shut at will by a sliding shutter, and at the bridge 
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dirou^ apertures in hoUow brick pillara placed immediately behind it. 
The entrance of the air to tliese pillars is regulated by throttle Talres, 
worked by a lever in the ashpit. There are also inassei of brick-work 
placed in the flame-chamber, with the intention partly of deflecting the 
ciureDta of gaaea, so as to ensure thiar mixture with the air, and partly to 
equalise the temperature. 

"50. Tbu next plan ti-iiirl was that of Mr. C. \Vve Williams, of 
Liverpool. 

" Mr. Williams' eygtem, as is vri^Il known, consisCa in the admiasiim of 
air at the furnace door, or at the bridge, or at both, by numerous small 
apertures, with the intention of difihsing it in streama and jets amongst the 
gases. In the plan adopted in the present instance, Mr. Williams introduces 
the air only at the front of the furnace, by means of cast iron castings, 
fumisbcd on the outside with apertures provided with shutters so as to 
vary the area at will, and perforated in the inside with a great number of 
half-inch holes. The mode of firing which Mr. Williams adopts merely 
coiiB£t3 in applying the fresh Riel alternately at opposite sides of the 
furnace, so as to leave one side bright whilst the other is black. 

"59. The next and lost plan submitted to trial was that of Mr. B. 
Stoney, of Dublin. 

" In principle, so far as regards the prevention of amoke by the admission 
of air through the doors, and at the front of the furnace, this plan is 
identical with that of Mr. Williams. Its peculiarity consists in the 
adoption of a shelf outside the boiler, forming, in fact, a continuation of 
the dead plate outwanls. Upon this shelf the fresh charge of coals is l^d 
in a large heap, about half of the heap being ivithin the fumaee, and the 
rest ontdde. The door is a sliding frame, which shuts down upon the top 
of this heap of coals, so that air is admitted through the body of the coals, 
as well as throngh perforations in the front plate of the furnaee. When 
the fhraace requires fresh fuel, a portion of that forming the heap, and 
which, to some extent, has parted with its gases, is pushed forward and its 
place made up by fresh fuel laid on in fr\>nt. 

"60. Thin plan did not succeed in preventing smoke, for whenever the 
coal waa pushed forward upon the fire, dense smoke was evolved. 

" We regret that Mr. Stonay was not peiW)nally present to »ee the result, 
which we rhink would have entirely satisfied him that the method he 
pifpnaed did not comply with this Important condition. I'ndor thesi- 
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drcomrtanoes, we did not proceed to determine the economic Tmloe of the 
hd at work done by this system. 

"60(1. In the following tables the results in each case arc compared with 
tb6 standaids, and also with those of our own experiments when mi^Ung 
no SDOoke. The fonner marked A, and the latter B. 



LARGE FIRE-GRATES. 





A 


B 




Hobson 




— . 




Our 


Robaon 


and 


WiUianu 




Btandvd 


ttp6rinMiit 




HopUnton 






sq. feet 


sq. feet 


! 
sq. feet sq. feet 


sq. feet 


Area of grate, sqnare feet. 


284 


284 


324 1 274 


22 


Eoonomic Yalae of fael or 












water evaporated from 


lbs. 


lbs. 


fbs. 


IbB. 


lbs. 


212° by 1 lb., 


9-41 


11-16 


10-27 


11-08 


10-84 


Rate of combustion per sq. 












foot of grate per honr, . 


21-16 


19-00 


16-62 


14-26 


26-98 


Rate of evapora^on per sq. 






1 

i 




foot of ffrtkte per horn- 


cub. feet 


cub. feet 


cab. feet 


cab. feet 


cab. feA 


from 60% 


2-62 


2-93 


2-14 


2-18 


4-04 


Total evaporation in cubic 










feet per hour from 60% . 


74-80 


79-12 


69*62 


60-03 


88-96 



SMALL FIRE-GRATES. 





A 

Standard 


B 

Oor 
experiment 


Bobson 


Hobflon 

and 

Hopkinson 


WilHanM 


Area of grate, . 
Economic valae of fael or 

water evaported from 212° 

by lib. of coal, 
Rate of combustion per sq. 

foot of grate per hour . 
Rate of eyaporation per sq. 

foot of grate per hour, . 
Total eyaporation per hour, 


sq. feet 

m 

lbs. 
10-06 

21-00 
cub. feet 
2-909 
66-01 


sq. feet 

lbs. 

12-68 

17-25 
cab. feet 
2-996 

57-78 


a 

I 

1 


sq. feet 
18* 

lbs. 
11-70 

21-60 
cub. feet 
3-49 
63-62 


sq. feet 
18 

lbs. 
11-30 

27-86 

cub. feet 

4-31 

76-92 



"61. With the abore results before us we are unanimously of opinion 
that Mr. Williams must be declared the successful competitor, and we 
therefore award to him the premium of £500 which you offei-ed by your 
advertisemeut of 10th May, 1855. 
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"65. The reeulta which ire ourselves oblMned exceed, in eoonomio^ 
of fiiel, all the results of the experiments made with ihe competitors' j 
Diis was chiefly the case with the amoll fire-gmtea, and was due, in a great^M 
d^ree, ii* not altogether, to the amaller amount of fuel btirued per sqnar^^ 
foot of grat« per hour. 

"The consequence of this was u more complete absorption of the heat^^ 
generated, so that the products of combustion escai>ed from the chimnej— 
at a temperature lower by about 300 d^. when we obtained our best. 
economic results, than they did during the trials of the competitors' plans. 
It must be remembered that this increase in the ecouornic value of the fiiel 
is obtained at tho expense of the work done, but it is highly satisfactory 
to find that (as is shown in columns A and B of the last tables) the grtat 
increase in the economic nitue it alio accompanied with a decided increaae i» 
work done when perfect txmhastion ii altnined and emoke prevented. 

" 66. We may now be expected to say a few words o 
and mode of proceeding which we adopted, and by which we got thew 
conlained in the columns marlied fi. 

" They may be briefly described under these heads :- 
" 1 st — The fire-grate. 

"2nd The fire-door. 

"3rd The mode of firing, 

" 67. (1.) The fire-bars whieh we found most auccesaful were cast al 
half an inch thick on the top, and as thin as possible at the bottom, and 
with the ends thickened up so as to leave about five-^ghths or three- 
quarters of on inch air space. 

*' 68. (2.) The fire-doors were the ordinary doors, perforated with 
horizontal slits about holi' an inch wide and 14 in. long, for the admission 
of air. 

"69. (3.) Our mode of firing may be described as follows: — The coal 
was applied in charges of 1 cwt. each, and was all thrown on to the dead 
plate, which was 16 in, deep, and remained thcro until the furnace was 
again ready for charging. Tiiis coal, which had then, to a great exttitit, 
lost its hydro -carbons, was pnshed forward with the rake, and a new 
charge thrown on the dead plate, to remain there uutil the furnace was 
again ready. Tho grates were always kept covered with ignited fliel to a 
depth of 10 in. to 12 in., and the furnaces worked altematdy as nearly as 
conTenisnt, although this was by no means of consequence as regards tliq 
prevention of smoke. 

'■70. All thp sshcj ihat fell l.hi-oufrli (he hatv 



,ereu|^ 
at about 



iked Ibrward^^^^l 
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Pnnvii on to tie fire with the fresh coub, bo that the ashpit was kept 
^ttr and cool, and the whole of the cinders burned. The result of Hub 
*«s, that ihc average amount of aah to be removed from the a»hpit and 
torown awa^ did not exceed I'l per cent, of the coal used. 

"71. The amount of clinkers averaged about 1-85 per cent, of the fuel 
OKd. 

"72. No Btoking was required beyond occasionally gently raiang the 
coals before firing with the poker, and it ta worthy of remark that the heap 
of raw coal on the dead plate keeps the fire-doors perfectly cool. 

" 73. This mode of firing wo find extremely eiBdent, and certainly 
requires nothing boyond such an amount of attention as may rcadooabty 
be expe^^ted from any working man of ordinary intelligence, and the actual 
labour is very much less than under the pernicious system to which men 
of this class are bo wedded. 

"74. The admission of ur at the doors is simply an adaptation of the 
princaple so long advocated by Mr. Williams, and we prefer his arrange- 
mant Rir this purpose, to that which wo haij previoiisly used." 

On receiving the report, the author was not a little surprised 
ut fintling a plan for smoke prevention, which seemed substan- 
tially the same as that which he had proposed, and which was 
rejected by the judges on such scant trial as not fulfilling the 
moBt essential condition of the competition, put forward by the 
judges as their own, as perfectly complying with all the requi- 
site conditions of the trial, and the results of which, to use the 
words of the report, "exceed in economic value of fuel all the 
results of the experiments made with the competitors' plana." 
Accordingly the author wrote the following letter to two of 

Kges, viz., Messrs. Armstrong and Longridge: 
"BiLCAHT OmcH, Dublin, FO). m, IB58. 
— I percoive by your second report to the Steam Collieries Assoda- 
•wu, .Muit you obt^ned highly satisfactory results (marked E in the table) 
by the use of perforated fire-doors, combined with a mode of firing, which 
conwBtfl in coking each charge of coal on the dead plate previously to 
pashing it forward with the rake, when a new charge is thrown on tha 
dead plate, to remain there until the furnace is again ready. 
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" Ab I natura]!}- tee) mnvh mt«reat id the subject, I should eateem at S 
&w)urjT»uriiiforniingmein what esEential respect the method you adopted 
iU8ered bom that proposed by me. 



The replies to this letter were as follow : — 

■■ Elswics Enoihb Woiws, 
■■ Nbwc48tle-bpon-T»ke, Ffb. 9lh, 18! 
"Sib, — In page 21 of the reports to the Steam Collieriefi' Association 
you will find the method of firing to which you refer clearly explained. I 
do not think that anything that I could add would enable you ir 
to discriminate between this method aod that which you proposed. 
"I am, Sir, &c., 

" W. G. Armbtm 
"Bindon B. Stoney, Esq." 



sodation 



" 18, Abingdon-s 



T West, lOth Feb., 1858. 



Deab Sik,— 



reply to your note of the 6tb, I beg lo say that the 
;e between the mode of firing which we found to succeed 
and th&t proposed by you was, that in the former Che whole of the charge 
of oohIs was placed on the dead plate within the fire-door, whereas in yonr 
system it was partly within and partly without, upon your projecting shelf 
or hopper. In this case the coals do not part with their volatile con- 
s when they are pushed forward, and the result is, at each such 
le a considerable voliune of dense smoke. 



" I am. Sir, yours faithfully, 



" B, B. Stoney, Ballast Office, Dublin." 



roBOi^^^H 



Now the author submits to the institution that the plan of 
smoke prevention proposed by him was in principle and sub- 
stantially identical with that adopted by the judges as their 
own, and which they put forward as the mature result of their 
prolonged investigations. 

In the plan proposed by the author, a large heap of o 
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placed within the fire-door, partly over an enlarged dead plate, 
partly over the front of fire-bars, and lliis heap is backed up 
by coal on the shelf, so as to allow the heap inside the door 
to be of large size without falling oatwarda, which it would 
otherwise do. If this back of coal were a mile long it would 
not affect the principle or action of the furnace, which consists 
in coking a large body of fuel in the front part of the furnace 
before shoving it forward with the rake, combined with the 

' admission of air through perforations !n door and door-box. The 
heap of coal which lies within tlie face-line of the boiler in the 

I author's design exceeds in bulk I cwt. of coal ; and it is obvious 
that a. mass of fuel far exceeding that adopted by the judges 
may be heaped up within the mouth of the furnace, if such a 
course were found desirable. 

The following extracts from the author's description laid 
before the judges iik 1855, and from his letter to Mr. Keed in 
November, 1857, are, for the sake of comparison, placed in 

K' -position with extracts from the judges' report, in which 
plau B is described : — 

I ■• When the fiiel on tho bara re- " C9. (3.)— Our mode of firing 

j quires renewal, the upjier andfinn! may be dtscribed as follgws:^ — Tlie 

part of heop ia to be shoved forwawl (wal was applied in charges of 1 cwt, 

I and spread over bare. This being each, and waa all thrown on to the 

I the coked, or partially coked, portion dead pinte, which was 1 6 In. deep 

of heap, will not have the tendency and remained there until the furnace 

to produce smoke that fresh fuel on was again ready for charging. This 

the bars wiU hiive. The hinder por- coal, which had then, to a great ex- 
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tion of heap is then to be shoved i 
the front of heap, and fresh coal sup- 
plied to bring heap up to original 



tent, lost its hydro- carbons, i 
pushed forward with the rake, and 
a, new charge thrown on the dead 
plate, to remain there until the fur- 
nace was again ready. 
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" The fiiel on the bars may be 
little deeper tlmn is usual, owing t 
the partia] coking which takes plac 
bufore it reaches the bare. 

"The fire-bars may be placed 
apart, since the coal ia in coked lump 
when it reaches the bars. 



ide 



" The grates were always kept 
covered with ignited fuel to a depth 
of lOin- toiain. 

"67. (1.)— The fire-bars which 
we found most successful wera cast 
about } in. thick on the top, and as 
thin as possible at the bottom, and 
with the endd thickened up so as to 
leave about j in. or J in. air space. 

" 72. No stoking was required 
beyond occasionally gently raising the 
coals before firing with the poker, 
and it is worthy of remark that tlie 
heap of raw coal on the dead plate 
keeps the fire-doors perfectly cooL" 



"One great coDateral advantage 
of this method ia the perfect cool- 
ness at the stoke-hole, for, snce coal 
is a non-conductor of heat, none is 
transmitted from the furnace out- 
wards through the outer portion of 
fresh coal." 



From this comparison it will be perceived that the results 
arrived at by the judges in their method of firing had been 
already foretold by the author. 

The professed object of a competition such as that established 
by the Newcastle CoUieriea' Association is to arrive at truth ; 
and 1[ is for the furtherance of truth that the author has brought 
the subject before this institution, believing that the more such 
matters are ventilated the more will the real interests of the 



public, as well as of iadividuals, be advanced. 



DcBi.iji, Not-ember \7lA, 1859. 
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M. B. MULLINS, Esq., Preiident, in tlie Chair. 

On a New Method of Shoring adopted in removing the two 
Lower Floors cf the Royal Bank, Dublin. — By 
William Anderson, Esq., Associate. 

About a year ago the Directors of the Royal Bank, in this 
city, finding it necessary to construct a more extensive cash 
office to meet the reqiiircmentB of their increasing business^ 
invited several architects to lay suggestions before tliem as to 
the best means of accomplishing their object, and &nally 
adopted the plan proposed by Mr. Charles Geoghegan, of 
Great Brunswick-street, and directed him to carry out his 
views. 

The position of the Royal Bank in Foster-place, with 
regard to the surrounding premises, will be best understood 
by reference to the block plan (fig. 1), on which the darkly 
shaded portions indicate the walls that have been removed. 

Mr. Geoghegan's proposition was to purchase the houses at 
the rere of the Bank, facing Anglcsea-street, and construct 
one large and lofty room, stretching from it to Foster-place, 
by covering in the court-yard between the two houses, and 
removing the ground and first floor walls of the building in 
Foster-place, 

The Directors perceived that this plan, though bold, and 
to a cert^ extent hazardous, was eminently calculated to 
afford the additional accommodation required, without inter- 
fering very materially with the business of the Bank, because 
neither the front in Foster-place would be disturbed, nor the 
basement and three upper floors rendered uninhabitable, duriog^ 
the execution of the works. 

Still there were some misgivings as to the wisdom of 
attempting to remove the lower portions of eight walls, to do 
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which it would be necessary to support upwards of 200 tons, 
at an elevation of 40 feet above the basement story, and the 
author believes Mr. GeogUegaii himself would have been slow 
to propose it, bad not a novel and safe means of accomplishing 
his object presented itself to his mind. 

Exclusive of the danger and unsightliness of settlements) 
almost sure to result, if it were attempted to support masses 
so rigid and friable as brick walls on elastic pillars of wood 40 
feet long, there was the objection, that to get the shores put 
up, the whole of the ground and first floors would have to be 
removed, and the walls thereby deprived of valuable lateral 
support, where they were likely to be unduly strained by 
unavoidably unequal shoring. The expense also of providing 
suitable foundations for the shores, increased by the difficulty 
of getting such long and heavy timber into its place wonld 
have been very great. 

As the beams A, C, and D (fig, I), were all to be on the 
same level, and rigidly connected by bolts and rivets, it was very 
desirable, for facility of manipulation, to have them all loose 
in the walls at the same time. Had the system of timber 
shores been adopted, to attempt this would have been very 
hazardous, if not impossible, as the multitude of supports 
would have rendered the lifting and placing of the beams very 
intricate. 

To overcome these objections, Mr. Geoghegan determined 
to make the lower portions of the walls, which he ultimately 
wished to remove, serve as temporary pillars to support the 
upper parts he wished to retain, by interposing frames of iron 
or wood, through which the beams could be passed. He 
accordingly explained his views to the author, and intrusted 
kim with the construction of the shoring frame, which, it is 
thought, is a new feature in the art of building. 

Exclusive of bolts, the frame is composed of four pieces 
(fig. 2), viz., the top and bottom, which act the part of short 
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- ^ms, and the two sides, intended to carry tbe load us pillara. 
Tb«se may be of variable dimensions, to suit tbe depths of 
beam and thickness of walls or load to be supported ; they are 
itted together to make a truly rectangular frame, and held in 
posiUon by means of bolts. The top and bottom are made 
cellular, with the outer walls thinner than tbe intter ones, in 
order to approximate as much as possible to the form of 
greatest strength, which would be a series of beams laid side 

The vertical pieces are composed of plates stiffened by deep 
ribs, to obtain rigidity with lightness, and are provided with 
holes near the bottom, through which a rod ma/ be passed, to 
carry a metal roller for the beam to run on when being; pushed 
into its place. 

As the frames had to be put up in inconvenient places, it 
was a great object to keep the several parts as light as possible, 
ia order that three or four men might more them with ease, 
without having recourse to tackle. The frame the author has 
now the honour of exhibiting is one of those actually used at 
the Royal Bank, after having been tested with twenty tons in 
the centre, to carry which load it was designed, the members 
will therefore readily judge the facility with which it can be 
taken to pieces and erected in position. 

There are two principal conditions under which beams may 
require to be placed under walla — 

1st. There may be room enough to admit of the beam being 
launched into its place end on. 

2nd. The wall may be so situated that the beam can only 
be got in sideways, or there may be a combination of the two 
cases, where there may be room to launch the beam half way 
if the previous half can be got in sideways. The one case 
requires a different form of frame from the other, as will now 
be explained. 

Beam D (Hg. 1), supporting two heavy chimney stacks, is 
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room ^ 



an Ulustratiou of the firet case, There being plenty of 

in the court-yard to lift the beam to its proper level, clear of 

all the houaeS) the following preparations were made: — 

Two holes were broken through each of the two chimney 
stacks, and a good bed having been fonned in each at the 
proper level, four of the frames represented in fig, 2 were 
placed in them. One smaller frame was similarly introduced 
in the intermediate wall. When all the frames had been 
carefully arranged in line, folding wedges of good tiry oak 
were driven between the tops of the frames and the superin- 
cumbent walls, till the weight of the latter was made to rest 
entirely upon the frames. The intermediate portions of the 
walls and chimney stacks between the frames were then 
removed, and the beam having been hoisted on tall shear legs 
in the court-yard, to the proper level, was launched safely into 
its place through the frames. 

Beam A (fig, 1), supporting the back wall, alTorda an 
example of the second case. The quoins of the adjoining 
bouse would not allow the beam to be hoisted sutBciently far 
back to pass it through frames similar to those used with beam 
D. It was, therefore, hoisted diagonally alongside the wall, till 
its end entered a doorway in the bow projection, which allovired 
it to go far enough forward to clear the quoins, when raised 
to a level, and placed at the proper height, parallel to its 
permanent position, and in which it was temporarily secured. 
Two frames {fig. 2) made to project its own width on one side 
of the wall, were inserted into holes, which had previously been 
cut in the brickwork, and bolted together so as to include the 
beam witliin themselves. The weight of the walU was 
transferred to the frames, and the portions between them cut 
away as before, and the beam moved in, first sideways, till 
fairly under the wall, and then launched forward through two 
more frames into its permanent position. 'I'o illustrate this 
mnre clearly, the model on the table has been cons.! r acted. 
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In fig. 2 is a representation of the frame used on tbia 
occasion. The top and bottom, being longer, were made 
deeper and stronger to carry the same load, and the vertical 
ude, which vaa most severely strained on account of being 
immediately uiider the wall, was made double the strength of 
the outer pillar. 

Beam C, which was got into the house with great difficulty, 
on account of its lengthy was laid on the first floor, alongside 
the wall it was intended to support, and raised thence to its 
proper height, where it was temporarily held while four frames 
were put round it, and secured in the wall in the manner 
already described. The intermediate masonry having been 
cutaway, the beam was moved sideways into its place under 
wall. 

.1 this stage of the proceedings the three main walls, being 
ipletely cut through, were supported only on thirteen frames, 

which the beams were lying loose, the latter were carefully 
fitted to each other and Rrmly secured by means of bolts and 
rivets, after which the whole mass of wrought iron, weighing 
13^ tons, was adjusted to its exact position, vertically and 
horizontally. Chases were now cut in the lower walls to 
admit the columns, which, having been carefully erected, the 
weight of the walk on the frames was made to rest on the 
beams, by driving folding wedges between the top piece of 
the frame and the top of the latter, to cause the beams to deflect 
to their full extent previous to under-pinning with brick in 
cement between the frames. When this bad been done, the 
wedges over the frames were cautiously slackened, and the 
entire weight of the building allowed to come upon the beams 
and columns. The frames were retained in position for a few 
days, during which the behaviour of the columns and their 
foundations was carefully watched, and as no signs of yielding 

K detected, the frames were released, the bolls connecting 
several parts withdrawn, they themselves removed 
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leal, and the 



;upied by their i 



piecemeal 

made good in brick and cement. In tbh manner each o£ tlia 
eight walh was treated, most successfully, great care KaviDg 
been taken to insure the full weight of walls being placed on 
the beams before the underpinning was commenced, as any 
subsequent deflection would have caused the walls to crack. 

Fig. 2, already alluded to, has repreBcntations of the frames 
used, with the weight of each part marked on it. Ab they 
were only required for temporary purposes, the castings were 
returned to the makers, and cost the builder only £5 per ton, 
at which rate, making allowance for titting and bolts, the large 
frames cost £3 10s. each, the small ones £2 15s. each. Font 
men were able to put up three small frames in a day, at an 
elevation of ifG feet from the street, in holes prepared for them 
previously, and take them down again, at the rate of four a 
day, at a cost of Is. per cwt. 

The actual cost of the shoring upon the system described 
was £62, exclusive of breaking boles in the walls, and wedging 
upon the frames. The builder's estimate for the same operation, 
without any allowance for the great risk run, was £168 to 
£180, bying a saving of at least £10fi in favour of the frames, 
not counting the gain in time, security, and convenience. 
The urgent necessity of completing the work in the least time 
possible, induced the builders to use more frames than were 
absolutely necessary; had there been no occasion to shore all 
the walls simultaneously, the work could have been done for 
£42, or one-fourth the estimate quoted above. 

The beams on which the walls now rest were all made of 
wrought iron, with plate sides stiffened by angle iron, most of 
them being double sided or box beams, and so proportioned 
that no parts in compression should be strained to more than 
four tons, and in tension to five tons to the square inch. They 
were all tested before leaving the works, in presence of the 
architect, or one of his assistants, by loading the centre of each 
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ipBn to the extent of half (be distributed load they were 
ealculsted to carry. As there is nothing remarkable in the 
letaiU of their coustruction, the following tabie will give 
lofficient infonnation respecting them: — 
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18" 
18" 


90 „ \ 
100 .. / 
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16' " 


18" 


a* „ 


9 2 


F 


18' 6 " 


21" 


58 „ 


33 a 


J 


18' 54" 


18" 


60 „ 


36 



The figures in the fourth column, representing the load the 
l)eams were calculated to carry, are not the actual weight of 
walls resting directly on ilie beam only, but in addition the 
mechanical effect of the cross beams resting on the miun 
^rders, and throwing concentrated pressures more or less near 
(he centres of the girders they rest on. The coat of erecting 
the beams at a height of 28 feet from the level of the street, 
including deterioration of tackle, amounted to £l \0s. per 



The design and execution of the columns was matter of the 
most anxious attention, on account of their unusual length, the 
great loads they were intended to carry, and the architectural 
necessity of diminishing their diameters to the utmost extent 
consistent with safety. The dimensions finally adopted were, 
length 26 feet, diameter of base 14 inches, diameter of head 
12 inches, thickness of metal I J inch. The ultimate strength 
of this pillar, according to Hodgkinson's practical adaptatioa 
of Euler'a formula, was 770 tons, and the safe load may be 
estimated at one-sixth of that amount. Having decided the 
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proportioDg of the column, it was of the utmost importance td 
secure good sound casting, straigbtness, concentricity of bore 
to the external surface, and perfect bearing wiih flat ends on 
a good foundation. Soundness of casting and straightness 
were alone to be obtained by careful moulding and ventillation, 
but the certainty of obtaining uniformity of thickness required 
special precautions. 

It is well known that in moulding columns the hollow part 
is formed hy means of a "core," composed of a perforated 
metal pipe, wrapped with hay> and plastered with loam, till it 
assumes the proper shape and siae. This core is placed 
horizontally in the external mould, and held secmeiy in the 
sand at both ends, "chaplets," or supports of tinned iron, 
being placed in addition at interi-als throughout its length. 
These chaplels answer very well for small castings, as the 
sand of the external mould into which they are stuck has 
Euffident power to resist the distorting action of the molten 
metal, but in columns of such length as those here described, 
they would not be sufficiently secure to be trusted. It was 
necessary, therefore, to make a metallic connexion between 
the top and the bottom boxes of the mould and the metal core 
barrel. This was done in the manner shown in fig, 3, A is 
the core barrel, with its envelopes of hay and loam; B the 
column when cast; K the boxes with the external mould; C 
ia a metal chair resting on the cross ribs of the box, covered 
with about 1 1 inch of sand ; D is a metal trivet to support the 
core barrel, through the agency of tbe block E, which is buried 
in the hay and loam. On account of its great length the core 
had to be made in two pieces, and joined together in the centre 
when placed into the mould, when the two ends were supported 
by the method described. When the molten iron rims into 
the mould, the inferior specific gravity of the core causes a 
strong tendency to float, to prevent which a block F, ramilar 
to E, is buried in llie hay and loam of the core; on this a 
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lall pillar, G, whose length is of the exact thickness intended 
for tie side of tlie column is placed, and kept down by the 
pillar H, and plate cramped to the tup part uf the external 
mould. Uy taking these precautiong it was impossible for any 
iire^ulaiity in thickness of metal to-occur without the author'^ 
knowledge, as the position of ibe piece G, cast in, would 
betray it at once. 

The strength of a column is very much influenced by the 
perfection of its bearing and fixity of its ends, and to ensure 
these the ends of the columns were turned truly in the lathe; 
and the base, which was two feet square, 3 inches thick, was 
turned on the upper and planed on the lower face. The 
foundation stone having been set perfectly level, and chiselled 
to fit the plate exactly, the latter was laid truly in its place, 
and secured by means of iron dowels run with lead. The 
upper face of the plate being level, the column when reared 
on it was of course quite vertical, and in absolute contact with 
the plate all round. The cap, which was also turned on its 
under side, was slipped in between the beam and the column, 
and the space between it and the beam filled with bars of flat 
iron, and cast iron cement tightly driven in. Both the cap 
and base had projections j inch high entering the column to 
prevent any lateral displacement. 

In conclusion, the author has to apologize if the members 
think that he has ascribed undue importance to the operations 
here described, the anxiety and attention they exacted have 
perhaps misled his judgment. The success which has crowned 
Mr. Geogliegan's bold design is in no small measure due to 
the intelligence and energy of the contractors, Messrs. Crowe 
and Sons, of this city, who did everything in their power to 
facilitate the introduction of this new system of shoring, and 
aid the author in the erection of the ironwork — operations 
which were not unattended by formidable danger. 
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[loth May, 1859.] 

M. B. MULLINS, Esq., PreeidenI, in tl 

On the Scales nf the National Sl'rvht o/" Cheat Bkii 
and Irei.anii. — By J. Ball GnEENE, Esq., Membe* 

Thk consideration of the scale for the National S 

ill progress, bas occupied so mucb attention of late 

a subject with which this Institution is nearly allied, I beg to 

submit the following observations, with the view of laying 

the facts bearing on the subject before the members of the 

Institution, and of subsequently ascertaining their opinions 

thereon. 

It may be desirable here to state that originally (in 1784) 
it was merely intended to make a general geographical map of 
these islands for military purposes, but as the work advanced 
and came into general use, it was considered that advantages, 
far beyond those contemplated in the first instance, might 
result from a national survey, and, consequently, in the year 
1824, a Committee of the House of Commons recommended 
that the Survey of Ireland should be made and laid down on 
a scale of six inches to a statute mile, which was accordingly 
done, and I need not here refer to the care, accuracy, and 
beauty, with which that survey has been effected, its utility 
for the purposes contemplated, as well as for engineering uses, 
all of which are ao well known to the members of this 
Institute. So far, this country had the advantage of England, 
for I believe that, with the exception of some of the northern 
counties, the maps were there made on a scale of owe inch 
to a mile, thus rendering them useless for any purposes 
beyond those of general travelling or military maps. However, 
in 1840, when the Irish survey had been in operation, and its 
advantages had become generally known, the late Duke of 
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Wellington in that year recorded a minute stating, '^ that if 
the nation incurred the cost of a survet/, it ought to be of a kind 
most generallij useful," and in consequence of this observatiou 
an order was issued that the remainder of England and the 
whole of Scotland should be surveyed and plotted on the scale 
of six inches, aa in Ireland. This work proceeded until 1851, 
when a Committee of the House of Commons sat to further 
consider the question, and in their report they pronounced in 
&vour of a )-inch scale, on the ground that it was better 
adapted for geographical purposes, and that the 6-inch map 
was not of sufficient public utility to justify such a large 
additional outlay aa would be required to carry it out. Orders 
were, therefore, given to this effect, but the arrangement does 
not appear to have given satisfaction to our Scotch friends, 
and consequently, in 1852, numerous memorials were presented 
to the Treasury to rescind the order in favour of the ti-inch 
scale, which was accordingly done. All these orders and 
counter orders had the effect of attracting more public attention 
to the subject, and again, In 1853, numerous suggestions were 
made to the authorities, to the effect that a larger scale thfi 
the 6-inch for Scotland and the northern counties of England 
would be preferable. The Treasury, therefore, issued circulars 
to a number of scientilic societies, and persons In the kingdom, 
inviting them to state their views on the merits of a 6-ineh 
scale, as contrasted with any larger scale, and the preponderance 
of opinion being in favour of a larger scale, a second circular 
was issued to the same parties, requesting them to state what 
scale they would recommend. The replies were decidedly in 
farour of a 25-inch scale, or 53^7, part of the linear measure of 
the ground. Accordingly, in 1854, the Treasury determined 
that the Ordnance Survey should be conducted on that scale- 
In June, 1857, however, the subject was again brought under 
the notice of Parliament by an active and zealous Irish 
Member, whose views are strongly in favour of our Irish scale, 
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and on a division, after full discussion, the House of Coi 
rejected the 25-inch scale, considering the 6-inch preferable; 
and in consequence of this decision a lloyal Commission 
subsequently sat to hear evidence, and report as to the best 
course to be pursued under these couSicttng circumstances, and 
as that Commission has recently made its report, I hare 
selected the present moment for bringing the subject before 
this Institution, with the object already stated. 

Before entering on a consideration of the report in question, 
I will again epitomise the history of the National Survey, 
commencing in 1784 to the present, from which it will be 
observed that the conSicting orders issued from time to time 
roust have greatly retarded the progress of this important work, 
and have added lai^ely to the cost, viz. : — 

In LT84, the National Survey was ordered to be made on a 
scale of 1 inch to a mile. 

In 1S24, the Irish Survey was ordered to be proceeded with 
on the 6-inch scale. 

In 1640, the 1-inch scale in England was superseded, and 
six of the northern counties, and the whole of Scotland, were 
ordered to be made on the 6-iuch scale. 

In 1851, orders were issued that the remaining four counties 
of England and all Scotland should be on the 1-inch scale, and 
the 6-inch scale abandoned. 

In 1654, it was determined that the scale should he 25 
inches, or jjVii P^^^ "f the lineal measure of ihe ground. And 
in June, 1857, by a resolution of the House of Commons, that 
scale was condemned. 

After all this we have now arrived at a crisis as regards 
this important work, and 1 therefore feel that the present is a 
proper time for a calm discussion of the merits of the report in 
question, and for eliciting the opinion of the members of this 
and similar institutions as to the best scale for a National 
Survey. 
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The Royal Commission, to wliich I have referred, was 
composed of the following eminent statesmen, and men of 
large scientific attainments and position, viz, : — 



Lord Wrottealey 
Earl of Rospe 
Lord BrougLam 
Professor Airy 
Sir Richard GrilSt)i 
Mr. Brimcl 



Mr. VIgnoles 

Mr. CiirdwoU, M.P. 

Mr. Turner 

Major- General Cftmeraa 

Mr. M'Ntill. 



T&e Commissioners were empowered to inquire into and 
report Upon — 

1st. — The practical purposes which the National Survey 

should subserve. 
2nd. — The progress which has been made in the surrey, 

and the scales upon which the maps and plans have 

been drawn. 
3rd The change in these scales, or in the details of the 

survey which should be made. 
4th. — The cost of completing the surveys of England and 

Wales, Scotland, and Ireland, on the scales and Ir 

the manner which you recommend to be adopted. 



The Commissi 
recommend — 



made their Report, and they 



Ist That the 1-inch map of the United Kingdom be 

forthwith completed. 

2nd. — That the survey of the northern counties of England 
and Scotland proceed contemporaneously, llie culti- 
vated districts to be on a scale of ajVu, and the whole 
on the 6 and 1-inch scales, except the Highlands of 
Scotland, which are to be on the 1-inch scale only. 

3rd. — That the revision of the 6-inch plans of Ireland be 
completed. 
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4th. — The final question as to the extending the survey 
on the gs^nj to the whole of the United Kingdom, 
except Ireland, be left to the decision of the 
Legislature hereafter. 

This Report, therefore, leaves the general question as to 
the best scale for a National Survey very much as it was 
before, except so far as it recommends that the northern 
counties of England, and the cultivated portions of Scotland, 
be surveyed on a scale of gj'jni of the lineal measurement. 

We now come to the consideration of the g^Vo scale, and for 
a National Survey I am sure (let the profession say what it 
may) landed proprietors and the public at large will not object 
to it as being too small. This scale is equal to about 12| 
perches to an inch, which certainly is larger than ia generally 
adopted for private surveys, 

In this country we have found the 6-inch maps of the greatest 
public utility, and I feel that I cannot pay a higher tribute to 
their usefulness than has already been done by a member of 
the Royal Commission, Sir Richard Griffith, who, in a letter 
addressed to Lord Wrottesley, the Chairman, bears the 
following testimony to the great efficiency of the 6-inch scale 
for various important public purposes. 

" I Bhall now state the Eeverol objects of a public nature nbich the 
general iutvey and voluatioa baaed upon it have subserved, commencing 
witli the valuation. 

"It is uaed for detennining the amount payable by every lownland and 
tenement for gmnd jury aEisessment, poor law rating, and other local taxea 
affeciiag lands and buildings. It is also used by the Government for 
ascert^ning the amount of succession duty, and the income-tax is at 
present collected by it. 

" In addition to the above, which may be viewed in the light of regular 
assessments and taxes, the Ordnance Plana on the 6-inch scale have been 
tued by the Comniissiouers of Public Works in Ireland for all matters 
connected with the extensive operations of arterial druoage, irtiicl) 
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oomprehcnded the greater part of the lands Ikblo to periodical flooding 
thronghout the coantry, the limita of the greater ]iortiaii of which had 
been originally fiurveyed, and nero marked out on the plana by dotted 
lines, and (hiu, without incumng the expense of any special eurvej, 
the area of the lands injured by flooding or back water was at onoe 
ascertained. 

" The numerous riyerB and atreamg are also accurately laid doivn on the 
plans, and conseqaontly nothing but levelling for the sections requisite to 
determine the amount of excavation necessary ia each case, was required, 
U> complete the surveyor's operations previously to the completion of the 
estimate and the commcacement of the drainage works. 

" Altogether there have been 121 drmnage districts operated upon by 
the Board of Public Works, 110 of which have bc<?n completed, and final 
awards made and enrolled in the Rolls Court, and by means of the worka, 
175,443 acres have been relieved from flooding or injury from back water, 
at a cost of i; 1,097,296, nearly the whole of wliicli Biun has been a<lvanc«(l 
by the TrcaBnry, under the authority of Parliament. 

" The drainage documentB enrolled consist of the printed award signed 
by the Commis^oners, specifying the area of the land relieved, and the 
amount payable by the proprietor of each towtdand half-yearly, accompanied 
by sheets of the engraved Ordnance Plans on which the lands which have 
been improved ore clearly shown by manuscript lines, and shaded by a 
distjnguidiing tint ; and numbers corresponding with those on tlie printed 
award, are written in thdr propci' positions on the Ordnance Plans. 

" Here, then, we have the engraved Ordnance Plans employed in the 
most satisfactory manner, in enrolling and registering the lands which are 
liable for many years to pay half-yearly to the Treasury the iostohnenta 
awarded towards the repayment of the loans made, for the pm^sea of the 
artenal drainag& 

" In like manner the whole of the land drained or improved under the 
Landed Propertj- Improvement Act (10 "Vict., e. 32), and for which the 
sum ofi: 1,490,000 has been issued, onaccount of upwards of three thousand 
separate loans, has been carefully laid down on the Ordnance Flans, on 
which all the dnuns sunk in every enclosure have been accurately mailed 
by red manuscript lines, the lands which have been drained only, brang 
dis^guished from those which have been subsoiled, and from those from 
which rocks and large boulder stones have been removed, by separat* 
colours, and these plana, with the statements of expenditure and report* 
of the Inspectors of Drainage relative to each loan, are registered at the 
Office of Public Works in Dublin, and reference to them is frequently 
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nude l)j' the heirs or remainder men of eslates, of wliicli portions have 

baiin tlioroiigh drained and improved under the Land Improvement Act. 
and for the repajment of the expeoiliture in which the lands are liable. 

" In addition to the above, much advantage has been derived from the 
Ordnance Fkns, us well as from the detail of the General Valuation of 
Ireland based on them, in the sale of estates by the Incumbered Estates' 
Cemmisaonere, the biddings being usually made with reference to the 
■mount of the annual value given in the valuation schedules, and the 
outpa used at the sales are generally enlargements of the engraved 
Ordnance Phtns. 

" These plans haro also been used with signal advantage by the several 
geolo^ts who have been employed under Sir Henrj- T. de la B«eche and 
Sir Roderick J. Murchison, on the geolt^caJ eorvey of Ireland, as by 
means of the minute accuracy in which every indentation of the coast, or 
change in the direction of every ravine, river course, or ridge of rocks is 
shown, the field geologist is enabled t^ lay down, with all the predson 
and accuracy of a special survey, not only every ^'ariation in the character 
of the rock, but the slightest change in the strike or dip of the beds, a 
circumstance most satisfactory to the individuals engaged in the geological 
examination of the country, and most useful when strata of economical 
value are traced, as in the case of beds of coal or of mineral deposits, &c., 
as well as most instructive and gratifying to the scientific geologist, who, 
fbr the first time, examines these nnique surveys, which may be tennei 
geological wonders. 

^'The Ordnance Plans have also been most useful to the nautical 
aurveyora employed by the Admiralty in making the coast survey of 
Ireland, as not only is the shore in every case carefully and minutely Iwd 
down, distingui ailing the rocky promontories and coasts from the tamer 
portions, aa well as ihc banks composed of aaod or mud, but by exhibiting 
ajt the striking objects nsar the shore to whidi angles may be taken, the 
sjjfvoyor is enabled to fix the place in which any rock, shoal, or channel 

" It vrill be unnecessary to enter further into the advantages which the 
public have generally derived from the Ordnance Survey in Ireland, but 
it may be mentioned that nearly the whole, if not the whole, of the 
rulways which have been executed have, in the first instance, hurt their 
reactive lines kid down on the Ordnance Flans, without any special 
BUtvej-, excejit what may have been necessary to connect the levels taken 
for the purpose of ascertaining the excavations and embankments which 
would be required in forming the road according to the gradients decided cnv 
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/^ It may also be observed that the landed proprietors hare generally 
adopted these plans as general maps of their estates, and have used the 
valuation schedules, which contained the area of every tenement, as well 
as its relative value, as the ground work of their present rentals, increasing 
the amount of the valuation of each tenement by a proportionate addition 
or per centage, so as to meet their own views of the actual rent value. 

^^ L Thus it appears, in the first place, that the Ordnance Survey in 
Ireland has been used as the basis of the valuation, according to 
which all local taxes and assessments on lands are levied. 
" 2. For the collection of the income-tax and succession duty^ 
" 3. As the test for the elective franchise. 

'* 4. Saving the cost of special survey for the great arterial drainage. 
" 5. For the thorough drainages, &c., under the Landed Property 

Improvement Act. 
" 6. For the enrolment and registry of all the drainages, whether 

arterial or under the Land Improvement Act. 
" 7. For the purposes of the Incumbered Estates* Commission. 
" 8. For the geological survey of Ireland. 
" 9. For the nautical survey. 
^' 10. For all railway surveys, &c., &c. 
^^11. For estate maps and valuations,** &c., &c. 

Thus Sir Richard Griffith sums up the various public and 
private purposes which our Irish Survey has subserved ; and 
when we consider the great experience he has had in the use 
of it, his opinion must be considered as of the greatest 
importance. 

In submitting to the Institution the result of my own 
observations, on the same scale, I may be permitted to state 
that I have now had very considerable practical experience, 
derived from my official connexion, for 15 years, with the 
Valuation and Boundary Survey Department, and I must 
record my opinion that for the purposes of the Tenement 
Valuation the scale of the Irish maps has been sufficiently 
large, the areas of all the tenements are computed from the 
paper, and it is very rarely that we have appeals against the 
areas so determined ; if, therefore, the determination of areas 
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purposes, were I 



and laying; down farm boundaries for valuation purposes, were 
the only objects contemplated in the construction of a national 
map, I would not hesitate in rccommendinjr the 6-incIi scale 
in preference to a much larger ; but if this country were now 
about being surveyed for the first time, would not a larger 
scale, as being more generally available for different uses, be 
preferable, provided the difference in cost was not excessive ? 
This I conceive to be an interesting question, wliich might be 
profitably considered by this Institution, and in the consider- 
ation of it the following conditions appear to me to be those 
under which the choice of a scale should be made: — 

Ist. — That the scale shall be such that every definite linear 
space upon the map, shall be an aliquot part of the 
space upon the ground — for instance, the space upon 
the map which represents a mile shall be an aliquot 
part of the space upon the ground. 
2nd. — That the scale shall be such that the fraction 
expressing the part of a mile upon the ground which 
the linear space representing a mile upon the map 
shall have for its denominator a number so constituted 
that equivalent quantity of the fraction expressed 
decimally shall be a finite or n on- circulating decimal. 
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The 25-incli scale is that whicli has been adopted for the 
Nfttional Surveys of France, Belgium, Bavaria, Wurtemburg, 
and some other states in Europe, and though it has been 
accepted as the best, by the Brussels Statistical Conference, 
held in 1853, many practical men object to it as being 
inconveniently large for the ordinary purposes of engineering 
operations ; however, I do not think that this is of so much 
importance. It has been stated by Colonel James, the 
Superintendent of the Ordnance Survey, that the difference 
in the cost between the 6-incli plans and the 25-inch plans is 
trifling, as compared with the accuracy and detail of the 
larger, which, I may observe, has the advantage, that on this 
scale the English acre is represented by the area of a square 
inch — the square I'OOIS inch represents an acre. 

Colonel James states in his evidence before the Commission 
to which I have referred, that the cost per acre of the survey 
on the 25-inch scale would be HJd., while the actual cost of 
the plans on the 6-inch scale is lU-Jd, Therefore, if these 
figures be correct, and I have no reason to doubt their 
accuracy, I would prefer the large scale, as subserving a great 
many uses to which the small scale could not be applied, and, 
consequently, ! am of opinion the Royal Commission acted 
wisely in recommending that the northern and unfinished 
counties of England and Scotland should be surveyed and 
plotted on the 25-inch scale. 

The following is Colonel James' estimate : — 
L 1. To complete the Survey of the United Kingdom on 

I the 25-iDc]i Ecale, ..... £2,686,761 

I 2. The completion of Great Britain on tie 25-inch scale, 

I and of Ireland with revision on the 6-inch scale, . £2,430,764 

I 3. The completion of the United Kingdom on the 25-inch 

I Bcale, except those parts already completed on the 

^^^ 6-iiich scale, ..... £2,285,129 

^^^L 4. The completion of the whole United Kingdom on the 
^^^1 1-incli scale only, ..... £276,972 
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5. The completion of the surrej, by surveying that pwi 
of the kingdom nhitli has not yet been surveyed for 
tlie following scales, viz., cultivated parts for the 
25-inCh, moorland parts for the 1 -inch, . £538,072"" 

It therefore appears that, to complete the survey according 

to the recommendation of the CommiEsion, a sum of over 

£558,000 is to be expended, an<t I find, on reference to the 

Report of the Commissioners, that their reasons for adopting; 

the 25-inch scale are grounded on the following considerations. 

1st. — That when the survey has been made in sufficient 

detail to be plotted on either the 6-iiich or any larger 

scale, the additional expense of plotting on the25-incli 

scale, instead of the 6-inch, bears an exceedingly 

small proportion ; and 

2nd.— That there are certain public objects which are 

better subserved by the 25-inch scale than tlie 

6-inch, and some that can onli/ be subserved by the 

largest scales. 

In concluding this hasty sketch of the National Survey, 

I would desire to urge on the members of this Institution 

the importance of the work to them in their professional 

capacity, and to those who may follow us in after years in the 

same pursuits. Hence I think the subject is worthy of our 

consideration, and I trust that some of our members will favour 

the Institution with their views, in the hope that we may 

arrive at something approaching unanimity on a subject which, 

as I have shown, has been productive of so many conflicting 

views, and, consequently, of so much unnecessary delay and 

expense. 
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